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PREFACE

_?_is study report for the Tug Program is submitted by the McDonnell Louf,las

Astronautics Company (MDAC) to the Government in partial response to Contract

Number ;{AS8-29677.

The current results of this study contract are reported in eight volumes:

Volume 1 -- Summary, Program Option 1

Volume 2 -- Summary, Program Option 2

Volume 3 -- Summary, Program0ption 3

These three summary volumes present the highlights of the comprehensive d%ta

t,_e generated by MDAC for evaluating each of the three program options. Each

volum,e summarizes the applicable option configuration definition, Tug perform-

ante and capabilities, orbital and ground operations, programmatic and cost

considerations, and sensitivity studies. The material contained in these tnr,_e

volumes is further summarized in the Data Dump Overview _riefing Manual.

Volume h -- Mission Accomplishment. (3 Books and 1 Supplement Bound

Together)

_lis volume contains mission accomplishment analysis for each of the three

program options and includes the tug system performance, mission capture, and

fleet size analysis.

Volume 5 -- Systems (3 Books)

This volume presents the indepth design, analysis, trade study, and sensitivity

technical data for each of the configuration options and each of the Tug systems

i.e., structures, thermal, avionics, and propulsion. Interface with the Shuttle

_nd Tug p_yloads for each of the three options is defined.

I• !
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[Vo =e-Operatio,s(? }
This volume presents the results of orbital and ground operations trades _nd

optimization studies for each option in the form of operations descriptions,

time lines, support requirements (GSE, manpower, networks, etc. ), and resultant

costs.

Volume 7 -- Safety (3 Books)

%'his volume contains safety information and data for the Tug Program. _pecific

safety design criteria applicable to each option are determined and potential

saCety hazards common to all options are identified.

Volume 8 -- Programmatlcs and Cost (3 Books)

This volume contains summary material on Tug Program manufacture, facilities,

vehicle test, schedules, cost, project management SR&T, and risk assessment for

each option studied.

These volumes contain the data required for the three options which Were

selected by the Government for this part of the stu_ and are defined as:

A. Option i is a direct development program (I.0.C. : Dec 1973). It

emphasizes low DDT&E cost; the deployment requirement is _50"_ pounds

into geosynchronous orbit, it does not have retrieval capa_'_ility,

and it i6 designed for a 36-hour mission. MDAC has also pr,:par,,_

data for an alternative to Option 1 which deviates from certain

requirements to achieve the lowest practicable DDT&E cost.

Option 2 is also a direct development p_-ogram (l.O.C.: 1983). It

,mphasizes total program cost effecti_<_ness in addition to low DDT&E

cost. The deploy_mnt requirement is 3_00 pounds minimum into geosyn-

chronous orbit and BSO0 pounds minimum retrieval from geosynchronous

orbit.

C. Option 3 is a phased development program (l.0.C.: 1979 phased to

I.O.C. 1983). It emphasizes minimum initial DDT&E cost and low total

program cost. The initial Tug capability will deploy a minimum of

¢



3500 pounds into geosynchronous orbit without retrieval capability,

however, through phased development, it will acquire the added

capability to retrieve 2200 pounds from geosynchronous orbit. The

impact of increasing the retrieval capability to 3500 pounds is

also provided.

@
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OPTION 2

1.0 Configuration Summary



CR 143

• I_IIGN

STRIIJIC_URE AV IONICS PROPU LSI ON

• LO 2 / LH 2 TANK: 2219 TAPER • COMPUTER: REDUNDANT • CATEGORY II A RL-10

16 BIT, 24 K WDI 6:1 EMR
• OUTER SHELL: AL H-COMB

• GUlD / NAV: .0 3 ° STAR TRACKER 456.5 ISP
• THRUST STRUCT: FG-ISOGRID

• RENDZ & DOCK: LASER RADAR & TV • ZERO NPSH
• TANK SUPPORTS: FG TUBE

• POWER: FUEL CELLS • APS: BI-PROP
626 WATTS (TUG)

SIZE

• DRY WEIGHT: 5093LB

• LENGTH: 409.6 IN.

• OIA: 176 IN.

• LO2: 48,352 t R

• EH2: q,05_ LB

PERFORMANCE

• MISSION DURA]tON: 6DAYS

• P/ L L_EPLOY _" '0LB

+ :'.'_)UNO[r ;P +40 LB

• _L.JT_N,'-)MY LEVEL III

• PLAC[-*_: ..=NT ACL,JRACY: 98.5 N. MI.

' }GRAM DESL TION

• IOC: DEC 31 1983

• i)r ELOPMEN m TIME TO IOC: 57 MO

• FLEET SIZE: 9

• NO. OF FLTS: ETR/WTR: 177/29

• PROG COST:

DDT&E: $346.1 M

INVEST.: $315.0 M

OPS.: $112.7 M

Figure _. Configuration Summary Option 2



2.0 O_bital Operations Summary

The following paragraphs summarize the orbital operations of the tug and

associated ground support of orbital ops.



2.1 Mission Performance

The performance capability was computed for each mission in the mission model

and for each mission mode - deploy, retrieve, round trip and expendable.

Table 2.1-1 summarizes the general mission descriptions. The performance

results are given in Table 2.1,2. A discussion of the derivation and appli-

cations of these data is presented in Volume IV, Sections i.i, 1.4, and 1.5.



Milsion H. x ,_
wo. . _r_i) I,_1.

1-8 19323 0

Table 2.i-i

MISSION DESCRIPTIONS

Remarks

1-8A 19323 0

1-8B 19323 0

9

10

10A

11

12

13

13A

13B

15

16

17-8

19

2O

21-2

23

2_

DI1

D10

D10A

D5

D3

D3A

D12

DI6

1AU Eolip.

6900 55°

6900 55°

16Kx30K 20°

180x1800 90°

IKx20K 90°

IKx20K 90 °

IKx20K 90 °

300x3000 90°

TO0 100 °

500 99.2 °

Interplanetary

58K

860x21K

860x21K

T50

13.6Kx25K

13.6x25K

300

hO0

0,30,60

63._

63._

99°

60°

60°

10_ °

98.3 °

m,,

Synchronous orbit - sinsle burn transfer orbit
injection

Synchronous orbit - two burn transfer injection

Synchronous orbit - two burn transfer injection
_rlth600 fps for multiple payload deployments

Alternate - Shuttle launched into 28.5 °

ETRAlternate - Shuttle launched into 28.5 °

ETRAlternate - Shuttle launched into 55 °

AV - 13000

16500

23000

24000

18_00

22000

Shuttle launch into 63.4 ° WTR

ETR_Altarnate - Shuttle launched into 55 °

Shuttle launched into 60 ° WTR

ETRAlternate - Shuttle launched into 55°



Table 2.1-2

CONFIGURATI_N OPT 2

M| SSIelN G R0 SS'-_.!T

U-0UT

I-8 62665.00

13972,00

I-8A 62665.00

! 3890 • O0

1-8B 62665.00

14190.00

STAGE t!T--6430.00

PL-ROUND PL-DEPLOY

V-BACK

2900.97

13920.00

2953.36

13920.00

2576.71
1/4220.00

I SP=459.20 DELI sP=a. O0

PL-RETRI EVE PL-EXPEND

7504.50 4729.05 17708.20

76/40.02 /48 14.46 178/43.73

680:3.62 /4 IZlT./47 1'7351.56

9 62665.00 2515-/42 6701.01

1/41 60.00 14350.00

I0 50665.00 70/41.89 13656.17

9700.00 9700.00

10A 62665.00 4541.49 10853.71

12760.00 12760.00

I1 62665.00 5015,93 11736.50

12450.00 12/450.00

/4027.12 17400.33

14539.03 19695.72

7808.99 19790.77

8759.61 20351.70

12 32665.00 17a79.28 20430.62 121000.06 21516.32

228 5.00 228 5.00

13 32665.00 3942.95 6996.99 9033.53 11977.40

8/400.00 8400.00

13A 62665.00 35/41.27 8877.61

13/460.00 13/460.00

13B 50665.00 /4546.61 9768.05

11200.00 11200.00

I/4 32665.00 135/49.12 1732/4.65

3600.00 3600.00

589 1 •30 18 566.99

8505.62 17152./41

62172.59 19116.39

15 26665.00 14710.73 16521.33

1700.00 1700.00

16 26665.00 16/453.28 17760.87

1120.00 1120.00

17-8 62665.00 3908.72 9659.28

131/40.00 13250.00

13/4232.19 17312.73

223484.31 18271.88

6565.52 19119.18

19 62665.00

167/40.00

.00

17210.00

.00 • 00 13551.32

L_



Table 2.1-2 Cont.

k.

2O

21 --2

62665.00

:23550.00

62668.00

24600.00

.00

24500.00

.00

2550O .00

.00

.00

.00

.00

6121. 14

5252.79

23

24

DII

62665.00
18720.00

62665.00

22500.00

62665. O0

13930.00

.00

19550.00

.00

23500.00

2921.38

13930.00

.00

.00

7562.46

.00

.00

4760.28

11024.61

7054.02

17777 • 53

DIO

DIOA

D5

D3

D3A

DI2

DI6

48665.00
8500.00

50665.00

9800.00

26665.00

1770.00

4sees.oo
118 50.00

50665,00

11920.00

26665.00

500.00

26665.00

850,00

88 14.24

8 500.00

68 59 • 1 6

9800.00

! 4509 • 61

1770.00

3217.77

118 50. O0

3518.71

11920.00

18475.09

500.00

17312.75

8 50.00

1 5748.55

13392.96

I 6373.53

7226.88

7940.63

19116.72

18347.27

20018.09

14059.91

127459.19

5800.43

6318.73

550454.06

307044.75

20807.13

19517.94

17199.53

1 5238 • 1 6

16021.10

193/40.03

18731.49



MISSION DURATION

One of the factors affecting flight operations effort (or cost) is mission

duration. Since there are many different types of missions which vary in t_me

on orbit and since some of the ground support tasks are proportional to mission

duration it was necessary to calculate a time for each mission required by the

mission model. This was done by using the timelines for the reference missions.

The ground rules for computing these times and a list of missions with the

calculated time for each are shown below. In order to simplify the computer

programming for the flight operations cost runs the specific mission times for

all the missions flcwn for a given year were averaged to produce a single number

for that year which would provide the proper results.



GROUND RULES FOR COMPUTING MISSION TIMES FROM THE REFERENCE MISSION TIMELINES

Mission time is defined as the total elapsed time from Shuttle launch to Orbiter

landing.

I. For Option i and Initial Phase of Option 3:

a. For dedicated missions the Tug on orbit time (from Orbiter deployment

to Orbiter retrieval) is 36 hours.

b. For multiple deployments all payloads are deployed simultaneously.

c. There is no retrieval missions.

. For Option 2 and the Final Phase of Option 3:

a. For the roundtrip mission the deployment and retrieval are in the

same location.

b. For dedicated missions the Tug on orbit time is 6 days.

c. For multiple deployments, payloads are deployed in the same orbit with

2 revolutions to obtain 60° orbital separatio n.

d. For multiple deployments with retrieval, payloads are deployed as above

and the retrieved payload is in the same location as the last deployment.

e. Rendezvous and docking requires 6 hours.

f. Payload spin-up requires 1/2 hour.



ORBI___TT NO___.

Synchronous (I)
Equatorial

" (2)

" (3)

,, (_)

" (5)

" (6)

,, (7)

" (8)

" (9)

Low AV (I0)

lligh Inclina- (ii)

tion,, (12)

" (13)

" (14)

" (15)

" (16)

High aV (17)

Med.lnclination (18)

" (19)

" (20)

" (2l)

" (22)

" (23)

SYM

A

A(2)

A(3)

AE

A3

A(2)B

A(3)B

B

A

A(2)

A(3)

AB

BA

A(2)B

B

A

A(2)

A(3)

A(3)B

B

Planetary (2h) A

" (25) A(2)

" (26) AE

MISSION

Single Deployment

Double Deployment

Triple Deployment

One Deployment - Expend Tug

Roundtrip-Deploy one, Retrieve one

Dedicated

Deploy two, Retrieve one

Deploy Three, Retrieve one

Retrieve one

Single Deployment

Double Deployment

Triple Deployment

Round Trip

Dedicated

Deploy Two, Retrieve One

Retrieve One

Single Deployment

Double Deployment

Triple Deployment

One Deployment - Expend Tug

Roundtrip

Deploy Three, Retrieve One

Retrieve One

Single Deployment

Double Deployment

One Deployment - Expend Tug

OPTION i OPTION 2

Fz_ (HRS.),.

43 h3

h3 91

h3 139

21 21

20 h3

48 156

- 91

- 139

- h3

23 23

23 23

23 23

23 23

42 150

- 23

- 23

35 hO

35 hO

35 hO

15 15

- hO

- hO

- hO

32 32

32 32

i0 i0



Mission Model Capture

Mission model capture analysis involved the assigning of each payload in the

mission model to specific flights. The assignment involved consideration of

Tug capabilities (availability, payload weight, maneuver capability, and

mission duration capability), Shuttle constrsdnts (availability, cargo bay

dimensions, payload weight and launch constraints) and payload characteristics

(weight, physical dimensions, launch schedule, mission constraints such as D0D

mission modes). Payloads were combined to minimize the number of Tug flights

necessary to perform all of the missions identified in the mission model.

The Flight S_y is shown in Table 2.1-3. Out of 437 missions the Option 2

Tug performs MI2 and requires 222 flights to accomplish them. The 25 missed

flights are due to the Tug availability limitations characteristic of normal

program buildup (only two Tugs are available at IOC with a third available

later in the year.
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OPTION 2

FLIGHT OPERATIONS COSTS

The impact on flight operations costs resulting from extending the mission

duration from 6 to 13 and up to 30 days is mainly an increase in the required

manhours and computer hours for both planning for, and controlling of the

flight of the vehicle during the additional 7 to 24 days of the mission.

Figures 1 and 2 indicate the change in Flight Operations DDT&E and Operations

Costs associated with mission durations of 6, 13, and 30 days. The increase in

the DDT&E (S2A) costs result from an increase in flight support software

requirements. The increase in Operations (32C) costs are caused by a general

increase proportional to the mission duration hours.
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2.1 ACPS Capabilities Option 2

Option 2 ACPS requirements are to provide 3 degree of freedom attitude

control, 3 degree of freedom translation control, and arial&V capability.

The selected bi propellent system has i00 ib arial thrustors and 25 ib

tangential thrustors and provides the following attitude control

characteristics.

Pitch/Yaw Roll Fitch Yaw Roll

Deceleration Acceleration Limit Cycle Ratio Limit Cycle Ratio

Win .B2 o/s 2 2.0 o/s 2 .005 o/s .03 o/s

Max _.0 ols 2 3.65 ols 2 .06 ols .055 o/s

s 0.i o/s required

Translation and &V

_n

Max

Synch
Retrival

Axial

Acceleration

.2 ft/sec 2

1.8 ft/sec 2

.34 or .68 ft/sec 2

Lateral
Acceleration

Control/Disturbance Moment

During Lateral Acceleration

•17 ft/sec 2 6.5: i ( > 2: i Desired)

Total impulse requirements for Option 2 are 73,000 ib rec for attitude control

and _V which is well within the 88,000 ib rec capacity of the selected ACPS

tankage.



2.2.1 Ground/OnboardFunctional Requirements
e

FLIGHT OPERATIONS

Definition of this program option must include a description of the

operational functions that must be performed by the associated Tug

design/configuration. The operational concept £oi" the autonomy level of

this option, developed earlier and modified to be consistent with the

latest changes, is included herein. Since the dit'l'erences between autonomy

levels III and IV are minor software vrtrlat|ons, thr,same• operational

concept applies for both autonomy icvo1,_. Also, slr,c(_ all the configura-

tions of the three options are ba._led(m ,.|thnr Ij(_v,,_]]17 or IV, the concept

is essentially identical for all i.hre,4 L,l,tlrmn. l,'Ir.t and second level

functional flow diagrams for each o_ th, _'c,urr_?_'er,,1,cemissions may be

foun4 in the Appendix.

Feller|rig the operational concept In a b,.l,;rd(:,,Crll,t.i_,n of the analysis

that was performed to estimate the effort ,,d c.nJt ()r th_ operations

(recurring and non-recurring) for thl,i ,,l,i,i,,,.'l'lj,_,,mu,taryresults of this

analysis for both NASA and DOD are showl,.

i

I



OPERATIONAL CONCEPT -- AUTONOMY LEVEL III AND IV

lAUNCH AND ASCENT

Orbiter provides environmental control, Power, structural attachment and

propellant venting and dump lines. Tug remains quiescent with electronic

equil_nent in standby mode.

PRE-DEPLOYMENT CHECKOOT

Mission Support Operator (MSO) in the Orbiter activates and checks the Tug

subsystems by means of the onboard automatic checkout equipment. The MSO

initializes the Tug computer and aligns the Tug IMU. The MSO disconnects

the vent and dump lines and releases the stowage retention devices.

TUG DEPLOYMENT AND SEPARATION

The MSO rotates the Tug out of the cargo bay to launch position. The MSO

connects the manipulator to the Tug, disconnects the umbilicals, releases

the base ring attachment devices, moves the Tug away from the Orbiter and

releases it. The MSO activates and checks the APS, attitude control and

main propulsion by RF link.

The MSO performs post separation subsystem checks by RF link to the auto-

matic checkout equipment. The MSO transfers control to the Tug by RF link.

Upon acquiring control, the Tug is programmed to maneuver to a local

vertical/orbit plane orientation in preparation for the first main engine

burn. An inertial orientation will generally be maintained throughout

/ the mission except for main engine burn periods and when payload thermal

requirements dictate otherwise.

PHASING, TRANSFER, AND INJECTION INTO ORBIT

The data management system (DMS) receives the propulsion burn parameters

from the ground via RF uplink command sequence and executes the commands

at the appropriate time to perform the required attitude maneuvers, check

the subsystems readiness and make the main engine burn. The velocity

increment actually measured along with other pertinent data is reported

by RF downlinkto Mission Control. Ground tracking and computation will



determine if and when midcourse corrections are necessary between principal

burn locations and the degree of correction required. The appropriate burn

parameters will be transmitted to the Tug by RF uplink command and executed

by the DMS at the designated time.

PAYLOAD DEPLOYMENT AND SEPARATION

Prior to arriving at the desired location in the required orbit, Mission

Control transmits an uplink command to enable payload deployment. Upon

arrival at the desired location, the DMS executes a stored sequence to

accomplish the following:

Activate the docking subsystem

Disconnect the payload umbilicals

Spin up the payload if required for stabilization

Release the docking ring latches to uncouple the payload

Fire APS thrusters to provide senaration distance

Deactivate the docking subsystem including the spin mechanism.

Upon completion of deployment, the DMS is programmed to report accomplishment

to Mission Control. Mission Control then transmits commands to initiate the

next phase of the mission operation.

RENDEZVOUS AI_D DOCKING

After the appropriate burns and coast periods to place the Tug within normal

rendezvous range of the payload, Mission Control will compare the relative

orbital positions of the Tug and payload, as determined by ground tracking,

calculate the azimuth from the Tug to the payload and command the proper

orientation of the Tug to permit acquisition of the payload by the



rendezvous sensor (laser radar). The rendezvous sensor will acquire and

lock on to the payload which is passive. In the event the Rag has no

rendezvous sensor, this azimuth pointing is not necessary. Mission Control

will ascertain by RF link whether the payload is ready for rendezvous.

The rendezvous sensor provides range, range rate, and angular line of sight

data to the data management system which transmits it to the ground for

computation of the rendezvous intercept maneuvers and the terminal phase

initial burn parameters. Upon receipt of an uplink command sequence, the

data management system CO.hands the Tug to maneuver to the required

attitude, checks subsystem readiness and commands the APS burn to acquire

velocity for target payload intercept. After the designated coast period

the data management system will command an APS burn to decelerate the Tug.

For the Tug without the rendezvous sensor, the terminal phase initial burn

and subsequent deceleration will be determined solely on ground tracking

_ata.

During the coast period, Mission Control will verify, the payload readiness

for docking by RFlink and command activation of the docking subsystem.

The range, range rate, and angular data from the sensor will be used by

Mission Control to determine final intercept maneuvers, compute the termi-

nal phase final burn parameters and determine the payload docking mechanism

orientation. Without a rendezvous sensor, the final maneuvers and bun_

parameters must be ground computed from t_acking data until docking sensor

acquisition is obtained.

During final target closure the docking sensor will determine the docking

structure orientation and the APS impulse sequences required to maneuver



the veh_le to a position along the docking axis at the desired precontacu

range will be commanded. At this point the sensor will verify proper

docking alignment and the APS system will maintain this attitude orientation

while providing the desired closure velocity through contact. If the

payload is spinning, the Tug docking ring is spun up to an equivalent rate

before docking occurs.

After contact is established, payload subsystems are passivated and the

payload is de-spun by the docking ring drive. When the payload rotation

has been sufficiently slowed indexing will be accomplished to stop it in

the proper position so that umbilicals can be reconnected. The payload

will be safed and configured for return while theTug is maneuvered to the

proper orientation for initiation of the next phase of the mission operation.

RENDEZVOUS WITH ORBITER

The Tug will be returned to the proper orbit for rendezvous with the Orbiter

and will assume a stationkeeping/passive role during the rendezvous.

After communication is established, Tug control will be transferred to the

Orbiter but attitude control will be automatically maintained.

As the Orbiter closes on the Tug, Tug subsystems will be deactivated and

eared prior to attachment for retrieval.

When the Tug has been resecured to the base ring and retracted into the

cargo bay, the umbilicals and vent lines are reconnected and the Orbiter

again Provides basic services to the Tug during reentry, descent and



2. B ORBITAL OPERATIONS COSTS

Orbital operations costs are broken out in the following categories

PHASES

• WBS 32A DF_S!GN, DEVELOPMENT, TEST & EVALUATION (DDT&E)

PHASE (NON-RECURRING)

• WBS B2C OPERATIONAL PHASE (RECURRING)

LEVEL h

• FLIGHT 0PERATIONS, NASA

• FLIG_IT OPERATIONS, DOD

LEVEL 5 (SAME FOR EACH LEVEL h)

• MISSION PLANNING

• FLIGHT CONTROL

• FLIGHT EVALUATION

• FLIGHT SUPPORT SOFTWARE

.R -_O
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FLIGHT OPERATIONS COST METHODOLOGY

ESTABLISH A BASELINE CONCEPT

- i DAY MISSION

- A_fONOMY LEVEL IV

- ll YEARPROGRAM

- CONFIGURATION lO1

DETERMINED MAN HOUR AND COMPUTER HOUR ESTIMATES

- EXPERIENCE FROM PAST PROGRAMS

SATURN

THOR DELTA

- TIME AND SKILL/COMPUTER

MAINTAIN A _NI_@JM FLIGHT OPERATIONS CREW (60 MEN) AT HOUSTON

FOR NASA FLIGHTS AND A SECOND CHEW AT SUNNYVALE FOR DOD

FLIGHTS

• REMOVE TRACKING NETWORK COSTS AND ADD NETWORK OPERATIONAL

REQUIREME_;TS
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FLIGHT OPERATIONS

WBS 32C-II/12 (OPERATIONS)

01 MISSION PLANNING

01 - (519 MH + 6 CH) MDxNF + (104 MH + 1.2 CH) NFRD

02 - (2080MH + 31.3 CH) AIxRDxSPxPD

03 - (I73MH + 2 CH) AI x NF + (35 MH + 0.4 CH) AIxNFRDxSP

04 - (416o_ + 172 CH) RDxgOxSP

05 - (hI60MH) AIxRDxSPxPD

06 - (2080M H) PDxRDxSP

07 - (hI60MH) AIxRDxSPxPd

08 - (hI60MH) AIxRDxSPx2D

09 - (hl60MH + 27.3 CH) PD

02 FLIGHT CONTBOL

Ol - (480 MH + 1 CH) ADxMDxNF + (96 MH + 0.2 CH) NFRDxADxSP

02 - (960 MH + 5 CH) MDxNF + (192 MH + 1 CH) NFRDxSP

03 - [(32 + MT) i0 MH + (32 + MT) CH] ADxNF

04 - [(32 + MT) i0 MH] AD_F

05 - (160 MH + 8 CH) ADxNF

06 - (160 MH + 8 CH) ADxNF

07 - [(16 + MT) 40 _ + (16 + MW) CH] ADx_F

03 FLIGHT EVALUATION

01 - (160 MH + i0 HC) MDxNF

02 - (160MH + i0 CH) MDxNF

03 - (640_{ + 2 CH) MDxNF

04 - (480 _) MDx_F

04 FLIGHT SUPPORT SOFTWARE

01 - (Mission Planning) 0.i0

02 - (Flight Control) 0.i0

03 - (Flight Evaluation) 0.i0



CENTER

MISSIONCONTROLCENTER

PERSONNEL

• SAME CONTROL CENTER AS USED FOR

SPACE SHUTTLE CONTROL

@ DEDICATED COMPVI'F_R FOR DURATION

OF TUG MISSION

MISSION DURATION OF 56 HOURS

(28 HOURS PRELAUNCH, h }{OURS

CONTINGENCY, FOR HOLDING, AND

2h HOURS FOR TUG MISSION TIME)

• FLIGHT DIRECTOR

• FIVE FLIGHT CONTROLLERS PER SHi_T

REQUIRED FOR TUG SUBSYSTEM STATUS

MONITORING STATIONS

• TRAJECTORY & GUIDANCE

(RENDEZVOUS & DOCKING)

• PROPULSION

• ELECTRICAL PO_rER

• THERMAL & MECHANICAL

• DATA MANAGEMENT

• lh TECHNICAL SUPPORT PERSONNEL

PER SHIF2 TO RESOLVE IN-FLIGHT

ANOMALIES

• TOTAL OF 20 PEOPLE PER SHIFT

2-3)
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2._ Shuttle Inte1"f't_::[R2Du[rement_s

The Orbiter/Tug interface subsystem is composed of the extensions of major

Tug subsystems to the Orbiter as are necessary for performing the major pre-

flight, flight, and post fli6ht operations. These operations are:

o Preflight Ground Testing and Checkout

o Launch Phase Monitoring

o Pre-release Checkout

o Activation of Subsystems

o Deployment of the Tug/Payload

o Monitoring in Orbiter Proximity

o Monitoring during Tug Mission Operation

o" Command/Control in Orbiter Proximity

o Subsystem Deactivation

o Retrieval of the Tug/Payload

o Stowage of the Tug/Payload

o Passivation and Safing of Tug/Payload

o Return Flight Monitoring

o Safety Provisions

o Ground Support Interfacing

The Orbiter Tu_,/interface represents the provisions for mating two major systems --

each of which is capable of independent operation when parted in space. While

_J_ated, t_e Tug is dependent to a degree upon the support capability of the Orbiter

and of the ground through the Orbiter. Although passive during most of the

launch and landing periods, continuous safety and subsystem status monitoring

is sustained by the Orbiter crew.

The Orbiter conducts many missions which do not include the Tug, however, and

it is essentis.l that the Tug interfaces produce minimum design and operational

impacts upon the Orbiter. In order to minimize these impacts, the Tug ancillary

hardware is designed for easy removal and iz_stallation. The cabin provisions

consist of a dedicated portion of the Mission Specialist Station and multiplexed

interfaces with the Orbiter Data Management, computation, and display equipment.

This allows accessing and display of Tug subsystem status for monitoring,

diagnosis and, through the Tug-unique dedic_ted panel section, sufficient

control to t_ke corrective action.



The interface functions and interface hardware were described in detail in Vol V

Section 2.4..5 and the design _pproach, requirements, and characteristics were

described in Section 2.5.4.

The principal functions and hardware groups are listed below and are shown in

Figure 2.4-1.

The major Shuttle/Tug interface operations and support activities which define

the Tug operational support requirements placed upon the Shuttle are shown

in Figures 2.h-2 (pre-launch and launch operations), 2.4-3 (on-orbit

operations for Tug deployment) and 2._-h (on-orbit operations for Tug re-

trieval). Operational details and timelines are provided in Section 5.1,

crew activities and functions in Section 5.2, and Shuttle computer support

requirements in Section 5.3. The abort operations and the supporting
p

analysis are contained in Section 6 and are summarized in Section 6.2.5.



FUNCTIONS

o Operations (listed above and discussed in Section 6.0).

o Safety (discussed in Volume 7.0).

o Structural/Mechanics/ Support (attachments, mountings, manipulation

provisions)

o Fluid/Propulsion Support (fill/drain/vent/purge/abort provisions)

o Thermal Conditioning Support (temperature control provisions)

o Avionics Support (electries//electronics, checkout/m0nitor/control

provisions, with data management, communications, electric power,

guidance/navigation/control subsystems)

o Payload Support (checkout/monitoring, control, caution/warning, safin6,

electrical power circuits routed through the Tug)

HARDWARE GROUPS

o Tug Support Structure (tilt table)

o Tug Support Attachments (hard points, latches, locks, support frame adapters)

o Remote Manipulating System (RMS arm is part of Orbiter mechanisms, Tug-

unique end effector with TV and lighting is charged to Tug support)

o Fill/Drain/Vent/Purge/Abort Line Assemblies (includes vacuum-Jacketed low

temperature lines and purging provisions)

o Fluid Panels and Retraction Mechanisms (purging provisions, locks, actuators,

drives, drive controls)

o Electrical/Electronics Support (instrumentation, sensors, caution and

warning circuits, electrical cables/connectors, interface units, Junction

boxes, test points, inhibit functions/circuits/buses, drive control

electronics, TV/lighting)
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2.5 Abort A nea_.sis summary

The abort analysis is derived from an assessment of the requirements, con-

straints and design limitations. The selected abort provisions were described

in Volume 5, Section 2.4.5.4 for both suborbital Mode III and Orbital Mode

IV, V, or VI aborts. The options considered are discussed in the trade study

reported in Section 12.6. The selected options for cryogen handling for

both normal and aborted missions are shown in Table 2.5-1,

The timelines are provided for each of the selected abort options in Section

6.1; the shuttle requirements to support these timelines are given in

Section 6.2; an altitude versus time analysis i8 provided in Section 6.3,

and analyses of the Delta-V implications of propulsive abort dumping and of

the effects of reduced weight during main engine operation are given in

Section 6.4.

The conclusions reached and a stmnary of the abort analysis are provided by

Tables 2.5-2 and i2.5-3.



CONDITION

Table 2.5-1

CRYOGEN IIANDLING

LO 2 LH 2

Normal Mission

Passivation:

(Before Tug capture)

o Keep residual L0 2

o Ventabove 18 psia

o Flow residual LH 2

through engine down

to 3 psia

Vent ing :

(After Tug capture/

stowage )

o Keep residual LO 2

o Vent above 18 psia

o Vent again to 3 psia

o Fill with ambient He

to 26.3 psia

o Vent down to 16+1 psia

o Vent above 18 psia

Aborted Mission

Suborbital:

(Mode III)

D_p LO 2 to 15 psia:

(i) During engine firing,

20% minimum through

3" abort line

(2) After ET jettison,

remainder through 3-

inch abort line

IIominal

o Keep LH 2 in tank

o Vent above 18 psia

Alternative Study Options

o I)_unp sequentially

after L0o (CG con-

straint)_down to

l]OI( ft through hc_ 5

inch abort lines

o Dum E simult, thru 3-1n.line

-J

Orbital:

(Mode IV,V,VI)

Dump LO 2 to 15 psia:
Primary Method:

(i) During orbital flicn%,

100% through 2-inch

F/u purt and tap to
3-inch abort ]iue.

Alternative (Backup)

Me_hodt

(I) During orbital Flight,

,_ hot through 3-inch

abort line

(2) During reentry glide,

remainder through

3-inch abort line

_j_%r!_eLL, o_j,tions 2 & 3F

o Dump under vapor

pressure to 15 psia

o Keep remainder

o Vent above 18 psia

l'referred-Options 1 & 3I

o ])ump under vapor

pr,_ssure to 3 psia

o Fill with ambient He

to 26.3 psia

o Vent down to 16±1 psia

o Vent above 18 psia

Alternative (Ba_c_kup)

o Keep LH 2 in tank

o Vent above 18 psia
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2.6 Operational Complexity

Rosati



Option 2
2.7 KICK STAGEDATASUMMARY
The use of a kick stage on four of the NASAplanetary missions (19, 20, 21 and 23)

allows these mission to be flown in a reuseable mode with the Tug. These were the

only missions where the use of a kick stage was required.

A range of acceptable kick stage sizes was established parametrically. A survey of

existing solid rocket motors was made in an attempt to identify existing stage

which could be utilized for the Tug missions. Several constraints, such as stage

length and thrust to weight were used in making the final selection. The stage most

nearly meeting the requirements was the second stage of the Polaris AS.

Design details of this stage are classified and may be found in the cQnfidential

document Rocket Motors Manual (U),Unit hll,Chemical Propulsion Information Agency,

John Hopkins University.

In an attempt to minimize changes to a standard tug/payload interface, the tug/

payload/kick stage interface shown in figure was conceived. By replacing the

standard tug/payload interface truss with the one shown, the tug/payload interface

remains the same, with the exception that the interface plane moves forward. The

longer struts allow the kick stage to interface directly with the payload interface

ring. There is no direct structual interface between the tug and kick stage. The

lomger struts were designed by the combined payload kick stage loads, electri-

cal interface between tug and kick stage is accommodated through the tug/payload

electrical interface panel. In essence, the kick stage appears as part of the

payload to the tug.

Operationally, the Tug separates from the payload/kick stage combination in the

same manner as separating from a payload. The Tug provides the proper flight

path angle prior to separation. After an appropriate separation distance is

established, the kick stage is fired completing the payload velocity require-

ment. The kick stage must provide thrust vector control during its burn. The

Tug is then free to return to the shuttle.



Payload

Kickstage
to Payload

Structual

Tie

%

\
\

I
/

/
/

_/Payload

Kick Stage
_-----Interface

Plane

Kickstage

Strut

Payload Interface
......... • Truss

-'::--- Forward End

of Tug

Figure 2.7-i TUG/PAYLOAD - KICKSTAGE INTERFACE





3 ORBITALOPERATIONS PERFORMANCE DATA (SOFT Panel Format )

The parameteric performance capabilities (payload vs. velocity curves) for

three inclinations, 28.5 deg, 55 deg and 90 deg, were determined and are

:_ shown in Figures 3-1 through -3. Additional details of the assumptions

and applications pertaining to these data are given in Volume IV,

Sections i.i, 1.3, and 1.4.

3-I
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Figure 6.3-2
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Figure 6.3-B
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4.0 Orbital Operations Costs _":

_"_ ar,,e_?scribed :'n the following .i'_ligb_,L_. flight operational functions: _,

_,pcrations description sheets, 8ectio_@/4.1 thr( ugh 4.9. Costs a_'e p".'.

_n fezes of ground _upport manpower _ compute) hours in these sheets.

Theze data as shown in Fig. 4-.i and h,2 are sum,,:arized in this section an_i

are converted to dollars.
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FLIGT_I' OFF,RATIONS, OFIIION 2 - DOD BUY

The _'.TorkBreak([o_n Structure for the Tug Study divides the fl_ght operations

into four areas or blocks, n_,ely: Mission Planning, Flight Control, _llght

Evalur_tion, and Flight Support Software. In order to develop a means of

assessing the relative complexity of flight operations for various Tug

configurations, it was first necessary to adequately define flight operations.

This was aceom!_lished by analyzing the four WBS blocks to determine the specific

tasks required in each. These tasks fell into three categories: one time eDforts

con.pitted prior to the first operational flight, a continuing level of effort

for the operational llfe of the program, and those efforts performed once

for each f_ight. The one t_me _fforts were considered to be part of the DDT&E

_ctivit_ies (_2A) while the continuing and per flight e t'_'orts were assigned to

the: O_c:_.-tions activities (_C) :_Tith this format developed, a reference

confi_iur_tion war chosen (Number iO1) and an estimate :,_asmade or" hhe manhours

,rid co[._-_ter time required to acco._plish each flight o[&'l._ions t_sk consider-

i_!_,the _,q_ccific ehar_cteristics of that configuration.

_j

[:'th _,!:emEan'once configuration e_timates determined as a point of depsrtare,

_t wa _. nece:',uary to establish c_'iteria or a r_.tionale _'or :?s,_essinz the

cp_';_ion_, _orkload differencez between conf_zuration,,5. An anal,,zsis of this

".re% conc].uded that the %grkload was proportional to the operational complexity

of the confi{;u_ation ,_nd the mi_,'_ion. It vas also dec_c!! that the configuration

('cN_plcxity could primarily be _o_._ured by autonomy level and the mi._sion

co:<_,iexity by mission duration, _inee the _ceference confi_ur(_t[ou :ras

autonomy Lcvel IV (completely dependent on ground support/simple onboard

equipment), Level IV was given a reference value of 1.0 nn_] the other levels

;_iven relative values to reflect the degree of difference. When autonomy

!evel w_:_ u_._ed to measure workload related to ground suupox't dependence, the

':orkload decr_a:_ed with inerea_ing autonomy levels and values wez'e azslgned as

_hown belong. It %-as as._t_,ed that /,;round supnort effort w_,l]d not be charged

to hi_hly autonomous configurations not requiring theft suoport even though

cxperienc,2 in4[c_tes that it may be required for some othe_" reason. S_e

tank wo_l¢loads are proportional to the complexity of onb<,_rd equipment and

therefore Increase with increasing autonomy levels. (5ev._?l II ._as considered

the h[gh_n%t level because of the add.ition_ul m" zsion planning capo bility. ) Values

were _%Iso nssi_ned as shown below:

J
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,,U_O.,ic.IYLEVEL F__OUTPM_t_T COMPLEXITY VALUE DFP_:D]L'[CV ON G,O,MD _, ,u_,_ VALUE

IV i. 0 I. 00

III 1.5 .67

I 2.0 -- .50

II 2.5 .h0

Since the reference configuration was a minimum (i day) mission configuration, a

reference value of 1.0 was given to the I day duration and the other dur._tlons

were assigned relative values as follows:

MISSIO?I DURATION

DAYS VALUE

1 1.0

1.5 1.1

3 1.4

6 2.0

Assignment of these values take into account the fact that a configuration

capable of lon_;er duration missions does not fly all loug c[ur:'_t_on_:[:_sions and

i.he ave._a_e mission len_,th is actually sho_'ter. To ol,t_,; : a rlore p_:'ecise

a:_ses::F,en_ of the effect of mission duration, actual mis';ion time in hours for

e_ch flight can be used in lieu of the sinf_le mission duration C:_,cto_-value above.

_ome task_1 must be performed for each flight and, therefore, the r,::Cerence

configuration estimate (per flight) must be multiplied by the nur,ibuJ."of ClitJ,ts.

[:'ortho&e configurations where phasing occurs from an l(,,;.i;[alto a final

configuration, the continuing level of effort tasks wc_ _ f_.ct<_'ed Co2 the numbe_-

_" ye;,.t'_the configuration is to be operational. Since t_,,_.total op_rat.iot:al

pzo,_r;un i_ eleven years and the confiKurations are opev:_.t_n_.l, for either four,

seven, or eleven years, the followinE values _:ere assi6ned:

PROC}_AM DURATION

OP._,?ATIONA L YFARS VALUE

Ii 1.0

7 0.7

o.h



While the progr.%m duration factor proportions the effort between two phased

eo_,_'zj,uL,'"u_lon,,L"_, it cloes not take into consideration that many of the efforts

completed fo_" _Lo initial configuration must be repeated for the final confirglra-

tion. To take this into account a factor _s established as follows:

D_;ELOPME_ PROGRAM

DIRZ'CT I]_TELOPME_ VALUE PHASFIO PROGRAM VALUE

l.O 1.7

Since thc reference configuration did not have retrieval capability additional

complexity is introduced by those configurations having rendezvous, docking and

paylo:_4 _pin u_ c:_pability. Appropriate values were assigned to these factors:

I{],:Tn!.',ZVOUS,_ID DOCKI_IG PAYLOAD SPI'[-UP CAPAD[L'i[TY

;;OT !_?_UIRED R_O_UI ,LD NOT REQUIRED R::IeUIRED

1.o 1.2 l.O 1.o_

With all the comolexity factors defined, an assessment was made for each task

to d(:t,'_.'m[newhL_h factors afCeeted the effort required felt-tire to the reference

conf_ ;_'ation and how they varied. A stm_mary matrix of the t_-sks and flu,tots is

_kovn on a follo_dng page.

Using the manhours and computer hours estimated for the reference confi_;uratJcn

_r,d ",.hr'Ayln@ the _:.ppropriate fzctors to each operztions task, equations %fete

p:'(:_:_rtd which could be computed and summed to provide the total fllght

ope_-_ Lions effo:t for any Tuz p_,ogram or configuration. A computer program

incor!_erating there equations _/as developed to provide maximum flexibility

in ,b:te_:nining fli[,_ht operations efforts for various program, s and trade studies.

Separ" tP re:tabours, computer hours and dollar costs are computed for each V_BS

,'le_::,_:,!; _:ission Plannlnz, Flight Cont_-ol, Flight Evaluation and Flight Support

Soft'_':-.r_,)in the I)9T&E (W_,S 32A) and the Opero, tions (WBS 32C) areas. The

Operations estim:_tes are computed for etch year of the oper,-,tional Dro_{r_zm

and totaled. '])heNASA and POD figures are computed separately.

Z2



The Operations tasks were further analyzed in terms of actual people and skills

required. It was determined that a minimum operations crew (one for each of

three shifts) was required for flight control of only one Tug flight. These

crews are capable of handling a significant number of flights per month; a

greater number than sometimes required by the mission model. Even though these

crews are utilized to perform the mission planning, flight evaluation and

flight support software tasks in addition to their flight control requirements,

there is sometimes an excess of manhours available. In order to allow for

this, the manhours available from the minimum crews are incorporated into the

computer program as minimum for the 32C area. When the actual manhours

requirements are calculated, if the total does not exceed the minimum, then

the minim_a is used and the unused manhours are shown. This minimum crew is

required for both NASA and DOD.

Option 2 has a higher autonom_ level (III) than the reference configuration, a

longer mission duration (6 days), a shorter program (7 years) and incorporates

rendezvous, docking and payload spin-up capabilities. The appropriate factors

for these features plus the numbers of flights and mission times were inserted

into the computer program and the results are shown in Section h.

An examination was also made of the effect on Option 2 of assuming DOD procurement

of the T_ program. The groundrules associated with this assumption permitted

operational mission flights two years earlier, effectively extending the program

duration to 9 years. Although the resulting program is similar to the early

IOC program for Option 2, the numbers and types of missions differ in the early

years. The proper quantities were programmed for the computer and the results

of the run are shown in the following pages.
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FLIG_FI' OPERATIONS, OPTION 2 - EARLY IOC

The Work Breakdown Structure for the Tug Study divides the flight operations

into four areas or blocks, namely: Mission Planning, Flight Control, Flight

Evaluation, and Flight Support Software. In order to develop a means of

az._esslng the relative comp].exity of flight operations for various Tug

configurations, it was first necessary to adequately define flight operations.

This was accomplished by analyzing the four WBS blocks to determine the specific

tasks required in each. These tasks fell into three categories: one time efforts

cozlpleted prior to the first operational flight, a continuing level of effort

for the operational llfe of the program, and those efforts performed once

for each flight. The one time efforts were considered to be part of the DDT&E

,xctivities (32A) while the continuing and per flight effcl-ts were assigned to

the Operations ._ctivities (32C). With this format developecl, a reference

confi_uration _J_ chozen (Nttmber I01) and an estimate was made of the m_.nhours

and com-_uter time required to accomplish each flight operations task consider-

in_ the _pecific characteristics of that configuration.

L'i_h.,.the z',_.fe_..nce_configur_,.tlon estimates determined as a coint of deoarture,

it ua,_ n¢:cesnary to establish criteria or a rationale for assessing the
/

operatio_,al %,o_'kload diffel-_nces between configurations. An analysis of this

area con(_luded that the workload was proportional to the operational complexity

of the c(_.nfii_uration and the mission. It was also decided that the configuration

co_,:ple.x[ty could primarily be measured by autonomy level and the mission

co_p].exlty by mission duration. Since the refereDc_ conf_,5_'ration was

autonomy Level IV (completely dependent on ground s,_Dport/S_mD].e onboard

equi_ment), Level IV was given a reference value o_" 1.0 an_] the other lew._!s

given zelative values to rcflect the degree of diffe_'_zee. _._:en autono:ny

level _:%s used to measure :,,,rkload related to ground support d'_pendence, the

,_o1"kload decreased with Increasln Z autonomy leve_ s and val_len _rere assi_,ned as

shown be_ow. It was assu_ed th_.t ground [-upport effort would not be chr._.rged

to highly autonomous confi[[u-_'ahions not requiring that sup_;o_t even though

experience indicates that it m_._ybe reouir_-_,i for so_u_ other z'e_zon. Some

t:,.:_'.,workload,; ace proportional to the c<_mp]e_:ity of _>u_o_%_'d eqt_i[,ment _nd

therefore incre_,:_o with increasing autono__y leve3.._:. (Level II _-as cor'.:;'/dered

the highest level because of the ad_ition._l _r:__ssion planning cap;.,bilit;.'.) Values

weru also assi_ned as shown below: _.



• . . ..

_, l,,,_,r_' v .r,Ev_ L E!._UIP!.',g}_ try.mr r._,.'r,:'v xr_rT,_ DEPg,_IDF2_CE 0,': O.ROII?_ SUT_POr',T VALU:_'?

IV ]..0 1.00

III 1.5 .67

I 2.0 _ .50

tZ 2.5 ._0

Since the reference configuration was a minim_a (I day) mission configuration, a

reference value of 1.0 was given to the 1 day duration and the other dur:_tions

were assigned relative values as follows:

.'.l,.,810,IDURATION

DAYS VALUE

1 1.0

1.5 1.1

3 l.h

6 2.0

A._._;ig:_ner,tof' the:3e values take into account the fact that a c_nfi;_,n'a%ion

c_c._:_b]eo:" lor_i:L" de,ration missions does not fly all long d_:r::t_on missions and

the avera{:_e mir,sion length is actually shorter. 'l.'oobtain % :::ore precise

as,,esa,acnt of the effect of mission duration, c_ctual mission time in houus for

each flight csn be used in lieu of the single mission d_rat_on factor value above.

Some tasks must be performed for each flight and, therefore, the reference

c¢'nfiguration eztimate (per flight) must be multiplied by the number .of flights.

For 5hos_._ eonfi;curations where phasin;_ occurs from an initial.],to a final

c(mfi:_uration, the continuiu:s level of efCort tasks -_(:re fact oL'ecl for the mnnber

of ycors the configuration i_ to be oS.orations!. Since the _;otn.l operatlcnal

prozr,%m is ele_,;n .Fea_:s and the confizurabions _re operational for eith.-:r four,

seven, or eleven year_, the fo].!o'_Inz %_).ues _ere s.s:_gned:

P?,OG !_2.! DU_ATIO;I

:_.i_Y:"_A"_TO;T-%L. "_,"',_.,_._r,o VAT,!IE.

!i I .0

7 0.7

h O.
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t/hl;l,_ t,!,_ _,,,'o,;z-,,_ du_'atlon factor" proportions the eCfort b_,t_een tvo pha._ed

con['i;_t_'atio_, i_ does not t_k_: into consider:_t!on thaL m_ny of the efforts

completed for the initial confi(._ur_tion must be repeated for the final configura-

tion. To take this into account a factor %-as established as follows:

I)_ELOI_H]dI,_P PROGRA}.!

'% - "l _ ¢_T'q')LIhkCT DEVELOPHEI_I' VALUE PHA,._,' PROGRAM VALUE

1.0 1.7

_;ince the reference conficuration did not have retrieval capability additional

complexity is iutroduced by those configurations having rendezvous, dockin_ and

pa_,load spin u_ cs,pahility. Appropriate values were a:_igned to these factors:

R:.'_Y_7<ZV(_U.BA:;D ECCKI_G PAYLOAD SPI;_-UP CAPABILITY

_]_ P,EOU]]R_D RE_;TI_?_D NOT REOUIRED R_'C'IIRED

1.0 1.2 1.0 l.Oh

'_/ithall the co_plexlty factors defined, an assessment was ?_ade for each task

to i,:tcrrnine x._h._.chfactors affected the effor_ required r_latlve to the reference

con_"ig_u'ation at_d how they varied. A summary matrix of the tasks and factors is

U:_n;._ t_c _;:._nho_rs ._nd computer hours esfiJmated for the rcf.nrence co,',fi_%-uration

_:_ ;'_,_}jin,_;the approDl'iate factors to e:,.choperations ta.sk, equat_oDs were

_ ,ep_,_-(_d_hich could be comi_ted a_d summed to provide, th_ total ['l:L/_ht

,_ <_'_._<,_:_ effort for an_ Tug pro,qr_ or configuration. A computer p;.c_r_%m

i;v:o_oo_',_t_n/,,these equations ,#az developed to provide ,_:axi:_.n flexibi31ty

in d,}t-:':_.[n_n_-;flight operations efforts for various pr¢._,',:_."Iso.nd tc:_e studies.

[_;c!;ar;:t,_manhou/'s, cornouter hourJ an_ dollar co;_ts are coz_uted for :_;tchWB$

,'].em,,nt (_43.ss._onPlanning, Flight Control_ Flight Eva].uation and F'lic_l; Support

7:oft_-,%re) in the DDT&E (WBS 32A) and _he Oper_..tions (WBS 3qC) areas, The

Or,_:ratior_.se';timates are cumputed for each ye'__r oi" the o._,e_',;tional_'ocroJ_

an,.[tot_,.led. The _|A___Aan_J DOD fi£u_"e,_;are co,_p,:_ed separ_.te].y.



The Operations tasks were further m_alyzed in terms of actual people and skillu

required. It was determined that a minimumoperations crew (one for each of

three shifts) was required for flight control of only one Tug flight. These

crews are capable of handling a significant numberof flights per month; a

greater number than sometimes required by the mission model. Even though these

crews are utilized to perform the mission planning, flight evaluation and flight

support software tasks in addition to their flight control requirements, there
is sometimes an excess of manhours available. In order to allow for thls, the

manhours available from the minimumcrews are incorporated into the computer

program as minimum for the 32C area. Whenthe actual manhours requirements are

calculated, if the total does not exceed the minimum, then the minimum is used

and the unused manhours are shown. This minimum crew is required for both NASA

and DOD.

Option 2 has a higher autonomy level (III) than the reference configuration, a

longer mission duration (6 days), a shorter program (7 years) and incorporates

rendezvous, docking and payload spin-up capabilities. The appropriate factors

for these features plus the numbers of flights and mission times were inserted

into the computer program and the results are shown in Section 4.

An estimate was made of the operations effort for the case of an IOC two years

earlier than the normal Option 2, which increased the program duration to nine

years. The additional flights with their mission times were input to the

computer program and the results are shown in the following pages.
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b.9 Network Operations Costs

Subsequent to the Concept Selection the COR directed that the network operations

cost be removed from the flight operations cost estimates and that network

utilization requirements be calculated instead. See Section 6.8 for the results

of the network utilization requirements calculations.

@



5 SHI_]'TLE ]_EQ_IIR_IEI_TS

The operational requirements placed upon the Shuttle Orbiter are those con.-

earned with (i) the structural and mechanical hardware used in support of

Tug/payload deployment and retrieval operations, (2) the crew involvement in

check out, monitoring, safing and passivation operations, deployment and

retrieval manipulation, visual observations via closed-circuit _"_, caution and

warning displays and corrective system controls, and (3) the data management

system interfaces, hardware and software, including computer support require-

ments by the Orbiter computer and the dedicated payload computer capability.

5.1 Deplo._nent/Retrieval Timelines

The condensed op:.rational tlmelines for Tug handling are shown in Table

(deployment of one or more payloads with a single Tug) and Table 5.1-2

(retrieval of a Tug alone or a Tug with payloads). The expanded timelincs

provided in Table 5.1-3 are representative for all deplo._nmont or retrieval

misuluns and are based nn the functional flows presented in Figure _.i.i.

5 °i-i

5.2 Crew and Shuttle Functions

The crew functions are basically defined for a four-man crew, considering the

Orbiter, Tug an¢] Payload requirements. A review of these crew functions _s

condu_:ted to consider four-man and smaller crew complements. The results are

summarized in F_gure 5.?--2 and the crew/Shuttle functions listed on the crev-

s_ze ;mp,%ct assessment charts. It was determined tbat a three-man crew can

physicsily manage the dual f_,nctions of payload m_d TUg operations, plus the

monitoring functions of the Orbiter, if the Orbiter has autopi]ot control and

oper_tes in a powered-do_ quiescent mode on-orbit. A common MSS/PSS console

woul(l better ;_ccommodate this option and would release the commander. How-

ever, a very desirable increase in operatic:hal flexibility° emergency r_sponsc
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CREW-SIZE IMPACT ASSESSMENT - I

One-Man Crew

(Totally Impractical)

Two-Man Crew (Difficult to impossible without highly automated systems)

If Autopilot operation of Orbiter is provided:

• Provide Orbiter C&W panel at mission specialist station

@ Commander can operate mission specialist station

• Copilot can operate payload handling (RMS) station

• Payload monitoring, orbital readiness testing (health checks)

are assumed to be Tug autonomous or perfor_.:ed by remote monitoring

from the ground

• This mode is very demanding and may not be compatible with an un-

sophisticated payload with less autonomy incorporated for self-

activation and management

Three-M_n Crew (Practical minim,m_crew)

Similar to two-man crew in many respects.

• Autopilot operation of Orbiter is assumed

• Orbiter C&W panel is provided at MSS

• Commander provides overall supervision of all orbiter, Tug, and

payload C&W monitoring, safety activities, and other operations;

including communications with the ground and procedural document

check off.

• Copilot operates payload handling (R_$) station as directed and

maintains visual contact with the payload bay and contained hardware.

• Mission engineer/scientist operates combined MSS/PSS, including

manual activation, monitoring and payload-related ground communications.

• Commander is available as backup to assist either of the other two

crewmen (who are essentially immobilized by their duties). He can

also respond to an orbiter emergency or caution signal without inter-

fering with a possibly critical phase of payload deployment or

retrieval.



CREW-SIZEII,_ACTASSESS;,_NT- II

i
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i

!
i

Other Factors

• Orbiter station provisions for other mission models will influence

Tug missions because hardware/software will:

i. Be available anyway as required for other _,'issions.

2. Shape the standard operating techniques of the crew.

B. Influence the division of duties between stations via physical

separation of equipment,

• Fourth man can be derived from other missions (Sortielab)

• Prelaunch operations by the crew when both Orbiter and Tug/p_yload

activities are involved (same for reentry) will be time-constraining.

• Complexity and/or extensive manual support by the crew of some p_y-

loads (now in mission model or potential for future addition). Mission

flexibility for future added r ;ssions and for mission extension may

dictate other th_ a minimum crew capability for the Orbiter.

• Orbital readiness testing of payloads is a key driver, particularly with

continuous activity but inteErittent ground station passes. Calibration

of complex channels and de-gassing time lost for high voltage equipmenu0

have been identified, and real-time data verification or analysis will

require crew time and skills. While these could be passed to the ground,

acted upon and control directives be sent back up; the times over trath

sites, time to communicate, time to command new data acquisition and

time before again passing over truth sites will impose operational

complexities and constraints. This suggests more available crew time

and skills.

• Many safety-related activities (passivation, stabilization, purging,

de-activation) for Tug and payloads; plus Tug maneuvering, Orbiter

maneuvering, P_ operation, Tug support hardware operation, and Tug

monitoring functions occur during Tug/payload retrieval.

• SOAR II-S study mid-term (July 1973) conclusion: "Insufficient time

exists for all payload subsystems to be checked out at MSS. Therefore

it is recommended that Tug and Orbiter performance and checkout be

performed at the MSS and that spacecraft systems as well as experiments

he handled by the PSS."

g-6g



Provides better management during launch, abort, and return flight

when both co_nander and copilot are fully occupied with Orbiter fl_ght

duties

Four-ManCrew (Provides ample manpower with less operational constraints)

• Manual supervision of the Orbiter by the commander is assumed.

• Copilot assumes active supervision of payload operations with functions

similar to those of the commander described for a three-man crew7. He

may operate a separate MSS.

• Mission engineer operates payload handling (RMS) station

• Payload sclentist/engineer operates a common MSS/PSS, or he operates

the separate PSS.

• Provides more skills and better timeline potential for off-duty time



capabilily, and total crew-skills will be available from a four-man crew. The

four-m_n crew also allows rest or sleep periods for extended and combination

missions_ and it allows for commonality of equipment, training, and operational

procedures between short Tug deployment or retrieval missions and the seven-day

Sortie Lab missions, for example.

Additional ins_ht for crew functions is provided by the Second-Level Function
• /

Charts, Figures 5.2-3 through 5.2'6-_ Additional information, functional

flow ch_'ts, and operational conceuts are provided in Section 2.2 for the

complete missions.

5.3 Computer Requirements

The Tug subsystems are n,nitored, act_ "ated, and checked out through the Tug

Data Management Syste_u as qcscribed in Volume 5_ Section 5._.2.3. The avionics

interfaces _nclude a Tug-unique panel section on the Mission Specialist Station

(MSS) panel. These dedicated cle_._nts provide a capability to access the Tug

subsystems data and to convert At for input to the Orbiter computer and/or

the p_vload computer (these may be combined physically or functionally). The

Tug data may be displayed directly on the Tug-unique Control and Display panel,

or it may be processed by the Analog/Digital Converter/Multiplexer and trans-

ferred to the Shuttle Payload Computer for display on the Orbiter Performance

Monitor Panel at the MSS.

Control functions which are necessary to correct for caution and warning sig-

nals and conditions are provided on the Tug unique Control and Display panel at

the MSS. These may operate either directly upon the affected Tug subsystem

circuitry or may utilize Shuttle Payload computer or Tug internal computer

capabilities. The preference will be to utilize the Tug computer for all com-

puter services which are avaliabie _e autozo_u_!y m_nage the same function

after Tug deployment.

S-d7
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The specific bit rate requirements are shown in Volume 5, Section 5.4.2.3 for

the Shuttle/Tug interface as follows:

Orbitor to Tu_,

NASA Communications 2,000 BPS

(Data and Time

Multiplex Commands)

DOD Communic.:t ions 2.000 BPS

(Secure Command Data)

16.000 BPS

(ProgramModifying Data)

Tu6 to Orbiter

25.000 BPS

(Tug/Payload Status Data

and Co.and Verfication)

16,000 BP3

(Tug/Payload Status Data

and Corr_nand Verification)

256,000 BPS

(Payload Secure Data)

FM/FM IRIS

Payload Analog

Instrumentation Data

5-



6 ABORT ANALYSIS

An abort analysis was conducted to assess the merits, liabilities and relative

impacts of (i) landing %rlth full LO2 and LH 2 tanks, (2) dumping LO 2 only,

(3) dumping both L0 2 and LH 2 in sequence, and (h) dmnping both L0 2 and LH 2

simultaneously. Abort from both suborbital (Mode III) and orbital (Mode IV,

V and VI) were analyzed. These options are discussed in detail as part of the

trade studies reported in Section 12.6, covering land full versus dumping

options. The results of these analyses are reported in the abort analysis

summary, Section 2.5.

The abort analysis discussed below includes:

( 6.1) a detailed sequence list and timeline of the events associated

with cryogen dumping;

( 6.2) the Shuttle requirements to be satisfied during the dumping sequence;

( 6.3) the flight altitude and time of dumping events versus the dumping

sequence and the cryogen load analysis for these events; and

( 6.4) a delta-V analysis for the impulse compensation necessary as the result

of the propulsive dumping required to sustain propellant settling

on an orbital abort, and an assessment of the potential AV gain

available as the result of either early or late dumping during main

engine operation.
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CRYOGEN IIANDLING

CONDI.,.][t, LO 2 LH 2

N()rmal Mission

]'assivation :

(Before Tug capture)

o Keep residual LO 2

o Vent above 18 psia

o Flow residual LH 2

through engine down

to 3 psia

Vent ing :

(After Tug capture/

stowage )

o Keep residual LO 2

o Vent above 18 psia

o Vent a.gain to 3 psia

o Fill with mnbicnt ]:e

to _6.3 psia

o Vent down to 16-I/ipsia

o Vent above 18 p:;ia

Aborted Mission

Suborbi tal :

(Mode Ill )

Dtnap LO 2 to 15 psia:

(i) During engine firing,

20% minimtun through

3" ,'_hort line

(2) After ET jettison,

remainder through 3-

inch abort line

Nominal

o Keep LII2 in tank

o Vent above 18 ozia

A.iL_crnative f;tud[ Ootions

O ]hnnp sequentially

after LOo (CG con-
• (_

stralnt) down to

]]01". ft throu;._h hcf 5

inch abort ]ine::

I • _ I _ .o 0u:_&l__J.:L!_- _kb.u__,.:in 1 i

Orbital :

(Mo:3e IV,V,Vl )

Dm_p LO, to 15 },sia:

}rimar/"Mc.thod :

(i) During orb.ira! flight,

i00_; through 2-'nch

F/D port a:_,At_p to

3-inch abort line.

Alternative (Backup)

Me_hod:.

(i) During orbital flight,

hOt through 3-inch

abort I ine

(2) During reentry glide,

remainder through

3-inch abort line

Y.o:L<:_::_<,:<:--_0:::-33::

o D,_u::punder vapor

pressure to 15 psia

o Keep remainder

o Vent above 18 psia

}'refc-rred-Or_tionz 1 & _T
............. ".._.c_.. -)J

o Dump under vapor

pressure to 3 _)z_'L

o Fill with m_..bient }!e

to 26.3 psJa

o Vent down to 16+I psia

o Vent above 18 ps_a

A:t .(3;_<c',:}t:?)_

o Keep L:i2 in tar:):

o Vent above 18 ],sia.
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.6.1 Detailed Timeline of Events

There are several abort conditions to be time-lined. The major abort conditions

are suborbital (Mode IIl) and orbital (Modes IV, V, and VI).

Suborbital Abort

The selected suborbital abort mode is to dump IX)2 and to retain and land with

LH 2. Refer to the trade studies in Section 12.6 for option time-line

descriptions for the other alternative options. The IX)2 is partially dumped

(to 20% minimum and approximately 20% maximum) while the orbiter main engines

are operating, in order to assure CG compatibility subsequent to External

Tank (ET) Jettison. The remaining IX)2 is dumped down to 15 psia during the

glide return period. The time-line is shown in Table 6.1-1.

Orbital Abort

The selected orbital abort technique (for Modes IV, V, or VI) provides settling

thrust with the Orbiter 0MS engines, then propulsively dump LO 2 down to 15 psia

through the 2-inch LO 2 fill and drain line and the bypass valve(s) to the

B-inch LO 2 abort dump line boat-tail exit port. When L0 2 dump is completed,

CG campatibility is assured, and the preferred propulsive LH 2 dumping is

accomplished through the 2-inch LH 2 fill and drain line and the bypass valve(s)

to the 2-inch LH 2 abort dump line boat-tail exit port. A backup operational

technique is to dump up to 20% of the IX)2 through the S-inch side abort dump

port, then dump LH 2 as above, and finally to dump the remaining LO 2 after ET

Jettison and during the glide return. A second backup mode is to use either

of the above LO 2 dump modes and to retain the LH 2 to landing.

Essentially the same timelines are used for Modes IV, V, and VI abort. A much

longer time _- =_ ..... le for dumping than for M_-__e !II suborbital abort.

Modes V and VI differ in _he amounts of 0MS propellants available a_r boosn



Table 6.1-1

Mode III Abort Timeline -- Return to La_unch Site, Suborbital

Automatic Orbiter Operations -- Abort Analysis, Initiation, and

Sequencing

Perform Situation Analysis

Make Preliminary Abort Decisions

Repor_ Status to Ground

Obtain Concurrence with Flight Data Base for Abort

Obtain Abort Confirmation

Displ_v Condition/Status/Abort Command to Crew -- Crew will have

a brief period for the abort command notification, except in the
time-critical transition from Mode llI to Mode IV abort at T+I21

to T+126. Reaction time must be very fast to obtain Mode IIi return

to launch site when a Mode IV OAO is not yet achievable. Command

over-ride for abort is not feasible at this time, but a recheck

may be commanded when response time is sufficient.

Automatic Orbiter Operations -- Abort

ReprogramFlight Control/GNC to Abort Mode III

Insert Abort AV Adjustment in Engine Thrust Program

Switch Engines to EPL (109%), Assuming Engine Failure Precipitated

Abort

Ignite Two 0MS Engines and Four RCS X-Axis Thrusters (Orbiter)

Pitch Orbiter to Retro-Thrust Attitude

Verify Emergency Thrust/Velocity/Attitude per Abort Mode III Program

Change Orbiter Velocity from Down-Range to Up-Range

Verify Dump/Vent Valve Positions/Status

Activate Abort Dump System

Open LO 2 Abort Dump Valve (3-inch line)

Open Helium Pressurization Valve



Table 6.1-1 (Cont)

Verify LO2 Dumping (A2V or AV readout, visual, etc.)

Verify 20% Minimum to 40% Maximum LO 2 Dump Completion

Reclose and Verify HelAum Pressurization Valve Closure

Reclose and Verify LO2 Dump Valve Closure

Separate External Tank (ET) After Depletion

Establish Attitude and G-Profile for Dumping

FI_ an Orbiter Return Flight Profile as Appropriate for
Abort Mode IIl

Open LO2 Abort Dump Valve (3-inch llne)

Open Helium Pressurization Valve

Verify LO2 Dumping.

Monitor LO2 Tank Pressure

At 15 psia LO 2 Tank Pressure, Reclose and Verify Helium
Pressurization Valve Closure

Reclose and Verify LO 2 Abort Dump Valve

Monitor LO2 Tank Pressure and Vent Above 18 psia down to 16 +_ 1 psia

Monitor LH2 Tank Pressure and Vent Above 18 psia down to 16 +_ 1 psia

Note: Interlock Vent Control to Avoid Simultaneous Venting

V



to different altitudes and inclunations. These do not appreciably affect the

abort operations. There are about 105 minutes in a Mode IV Once-Around-Orbit

(OAO) abort, of which at least 90 minutes are available for dumping cryogens.

The later Modes V and VI have many orbits and are not time constraining, as

they allow essentially normal mission Orbiter operations. Release of the Tug

maybe possible. The timeline for these abort modes is shown in Table 6.1-2.



Table 6.1-2

Modes IV, V, and VI Abort Timeline -- Orbital

Automatic Orbiter Operations --Abort Analysis, Initiation and

Se_uencin_

Monitor Orbiter and Tug Mission - Critical Functions and

Flight Data During Launch

Perform Situation Analysis

Make Preliminary Abort Decisions

Report Status to Ground

Obtain Concurrence with Flight Data Base for Abort

Obtain Abort Confirmation

Display Condition�Status�Abort Command to Crew (*Note i)

Automatic Orbiter Operations -- Abort

Reprogram Flight Contro!/GNC to Abort Mod_ IV, V, or VI

(normal mission for V, VI)

Insert Abort AV Adjustment in Engine Thrust Program

Switch Engines to EPL (100%), Assuming Engine Failure Pre-

cipitated Abort

Ignite Two OMS Engines and Four RCS X-Axis Thrusters (Orbiter)

for Mode IV (not required for Modes V and Vl)

@

VerifY Emergency Thrust/Velocity/Attitude per Abort

Modes IV, V, or Vl Program

Verify Dump/Vent Valve Positions/Status

Verify OMS Engine Thrust for Cryogen Settling

Activate Abort Dump System

Open LO o Abort Dump Valves (2-inch fill and drain and B-inch aft
abort l_nes )

Open Helium Pressurization Valve



Table 6.1-2 (toni)

Verify LO 2 Dumping (A_ or _V readout, visual, etc. )

Monitor LO 2 Tank Pressure

At 15 psia LO_ Tank Pressure, Reclose and Verify Helium
PressurizatioB Valve

Reclose and Verify LO 2 Abort Dump Valve

During this Sequence, Interrupt Dumping 30 Seconds Before ET

Jettison and Resume Dumping 30 Seconds After ET Jettison

Monitor LO^ Tank Pressure and Vent Above 18 psia Down to

16 +_1 psi_

Open LH2 Valves to Fill and Drain and 2-inch Aft Abort Lines

The Following Operations Apply to Tug Options 1 and 3I Only:

Dump LH2 Under Vapor Pressure to 3 psia

Reclose LH 2 Valves and Verify Closure

Open Helium Pressurization Valve

Monitor LH 2 Tank Pressure and Fill with Helium to 26.3 psia
(or to Tank Relief Vent Pressure)

Rec!ose Helium Pressurization Valve and Verify Closure

Open LH2 Valves to Fill and Drain and 2-inch Aft Abort Lines

The Following Operations Apply to All Tu__ Design Options:

Dump LH2 Under Vapor Pressure to 16 +_ 1 psia

Reclose LH 2 Valves and Verify Closure

Monitor LH 2 Tank Pressure and Vent Above 18 psia Down to 16 + 1 psia

*Note i: Crew will have a brief period for the abort command

notification, except in the time-critical transition

from Mode III to Mode IV abort at T+I21 to T+126.

Reaction time must be very fast to obtain Mode III return

to launch site when a Mode IV OAO is not yet achievable.

Command over-ride for abort is not feasible at this time,

but a recheck mE:; be co_-anded when response time iz
surf ic ient.



6.1-2 Ccc:  )

WoCe

Interlock vent cc_nls to-_rcd_l _ simultaneous dumping.

An altermatlve LO2 _ mm_e is to dump up to h0% through

the S-inch LO 2 abaft llne (bottom port ) rather than the
aft 2-inch fill an_ drain line tap to the 3-inch aft

&Ixn-t line port. lm this event, the remaining LO2 dump
to 15 psia is acmc_he@ a_ter reentry during glide

return.

An alternative LH2 _ made _ to keep all LH2 in tank
and only vent abevm 18 p_la.



6.2 Shl_',_ !- i_<u_!'_'::_,t._

The Shuttle r,'quiremcnts pl_Lced upon th.n Tug op_ration a_'_: pr.incipally described

by NASA Docu_.:..nt JSC--07700_ Volum,._ XIV, Space Shuttle S y'.:t_1_ P_yload Acc_,_-_¢da-

t ion_. For ez:,:_u,le, the C(] profiles shown in Figures 6.2-1 and 6.2-2

repre::ent major constr,_nts upon the Tug design and operations. These apply

when the ET is Jr_ttison-_d _nd the Orbiter is in sensible atmosphere, generally

considered belo:' }!00,000 ft, in the aerodynamic flight regime. Specifically,

these apply Jn }C,:iersonie and subsonic, but not in supersonic flight. Safety

dictates that CG compatibility be achieved before the unstable flight regime

is aiq_roached , ho_ever. Furthermore, a condition where failure to dumr_ crTogens

wou]d result Jn unsafe flight should be avoided. Two methods are provided for

du_r,ping a m_n.i;;,u_n of 20% of L02, which is sufficie_,t to assure CG co._,pa_,iLili+,y

for reentry _',_d landing.

The _:huttle also requires discrete valve status signals and time-clock i_>uts

to compute the cryogen inventory during dumping. In particular, the _40_'

orbital LO 2 d_,,_.p in the Alternative (Backup)Method must be computed for vsive

reclosure to prevent unporting and a sudden drop of pressure_ which if not

recovered could cause a risk of LO 2 tank implosion at low altitude. In the

selected Primary 14ethod, the aft 2-inch LO 2 fill and drain line port is used,

&rid unporting cannot occur during propulsive dumping. The latter method is

also used for orbital LH 2 dumping, through the fill and drain line port E:nd

unporting is not a potential problem. Suborbital dum:_ing has a requirement

for computing L02 inventory for partial dumping of 20% to 40%, but this wide

ramge allows the data and the computations to be very gross.

New Shuttle Requirements

The selected abort dumping system requires a fixed 3-inch L02 abort d_ap line

from the lower right aft cargo bay bulkhead to the lower right Orbiter _'° -_ :-'

&-/=
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and a sJ,'?ilar 2-inch LH 2 abort dump line (for orbital abort) from the lower

left aft c_rgo bay bulkhead to the lower left Orbiter boat-tail.

6.3 Altitude and Time Analysis

The altitude of the Orbiter is shown in Figures 6.3-I, 6.3-2, 6.3-3,

and 6.3-4 for suborbital Mode III aborts as a function of velocity. Insuf-

ficient data was provided to obtain an altitude versus time profile for these

trajectories, which were revised extensively during the study. Information

on normal trajectories was referenced by NASA documentation as IL-SSS-393-400-73-01;5.

"Baseline Ascent Trajectories for the 150K Orbiter Configuration," dated

February 14, 1973, but this information was also withheld from this study.

Earlier information indicated that at least 105 minutes are available on a

Mode IV abort to a once .....und orbit, fhis is the shortest orbital abort, and

the time available is far greater than the time required for 100% dumping of

both LO 2 and LH 2. Mode V is a transitional abort and is virtually identical,

time-wlse, to a Mode VI normal mission orbital abort. Thus the missing

information is not considered relevant to constrain the time-]_nes.

SLu_:_ries of abort modes, associated flight periods and the abort response

actions permissible are shown in Table 6.3-1.

The time available for the most recent abort profile data (July 5, 1973),

the altitudes, the assoziated mission times, the x-axis accelerations (Nx)

and the z-axis accelerations (Nz) are listed in Tables 6.3-2 and 6.3-3.

The time periods during which stable and variable (stable-plus-varying)

accelerations are sustained for cryogen settling are also shown.

An abort time sun_ary iz presented in Table 6.3-4 for e_ther LO 2 or LH.,

for the early or !ate _bo_-t from either a hO,000 ib polar or a 65,000 Ib

easterly mission.

_. 24 _"
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A plot of the cryogen load and center of gravity (C.G.) shift during dumping

is shown on Figure 6.3-5. This w_s originally derived to illustrate the cases

of sequential dumping, However, the complexity of alternating the LO 2 and LH 2

dumping sequence and the weight penalty on payload capability led to the

recommendation that only LO 2 be dumped during a suborbital abort.

Combining the trajectory vs. time data from Figure 6.3-4 and the C.G. constraints

from Figure 6.3-5, a safe timeline was devised to provide the Orbiter_ V benefit

of early dumping, the C.G. constraints to assure aerodynamic stability and landing

control as early as possible, and a 100% release of LO 2 will before landing. This

recommended abort mode is shown on Figure 6.3-6. The LO 2 dumping is inter-

rupted for 60 seconds as indicated to allow for main engine cutoff (_CO) and

external tank (ET) Jettison and a 30 second margin before and after this event,

Anown as MECO ± 30.

The LO 2 dumping sequence is shown on the trajectory curve in Figure 6.3-7.

The same time periods are required for dumping LO 2 (635 seconds total) for the

trajectories shown in Figure : 6.3-1, -2, and -3. However, in each case, more

time is available from the abort decision to MECO - 30. Therefore, as it is

recommended to initiate dumping as early as possible; these trajectories will

allow a greater degree of completion prior to MECO - 30.

This analysis is based on the worst-case data for Tug Design Option 2, which

requires 635 seconds for 100% L02 dump. The differences in L02 inventory result

in equivalent times for L02 dump of 505 seconds for Tug Option I and 31 (Initial)

amd 530 seconds for Tug Option 3F (Final). In each case the dump is suspended

at h0% dump level, which occurs at proportionally earlier times. The event

schedules are shown in Table 6.3-S for comparison.
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Table 6.3-5

ABORT EVENT SCHEDULES

TUG OPTION i 2 31 3F

L02 ABORT LINE_ SIZE 3 inch 3 inch 3 inch 3 inch

TIME FOR 100% LO 2 DUMP 505 sec 635 sec 505 sec 530 sec

DUMP INITIATION (WORST CASE) T+251 T+251 T+251 T+251

DUMP SUSPENSION T+h53 T+505 T+h53 T+h63

MECO T+560.9 T+560.9 T+560.9 T+560.9

DUMP RESUMPTION T+591 T+591 T+591 T+591

DUMP COMPLETION T+89h T+972 T+89h T+909

TIME AT 50,000 FT T+986 T+986 T+986 T+986

TIME AT LANDING T+1241 T+I2hl T+1241 T+12hl



6.}I i_c].i.aV _nalys_

Two r,:_pccts of abort de].t_ V were examined. The first is concerned with the

dells V produced by the pr,,})ulsive dumping which is necessary to sustain pro-

pe]].ant settlin_'_ in an orbital zero-g abort. The second • is concerned vith the

poteni_ial delta V L;ain which is achievable by the Orbiter by early Mode III

abort dumping :_f_cr as much of the Orbiter wieght h_,._been depleted as possible;

hence, after External Tank (ET) propellants are exhausted and the ET has been

Jettisoned to achieve the highest delta-V gain

Delt_ V Compensation in Orbital Abort of L0 2 and LH 2

Addressing the first aspect, delta V compensation in an orbital abort, the

potential solutions all require that the propulsive effect expressed by Orbiter

delta-V be ne!y_ted. Potential solutions are (I) reduced thrust from the 0..i_,,

RCS x-axis thrusters, or th_ main engines, (2) reduced thrusting time by the

OMS, RCS x-axls thrusters, or the main enK;ines, (3) rotation of the Orbiter

during cryogen dumping to retro-thrust for a time equal to the forward t!must



time, using the cryogen expulsion force, (h) yaw to +90° _:,d to -90 ° to provi6e

equal and opposite thrusting forces and times, (5) dump Tog cryogens before

the OMS or the main propulsion system (MPS) burns, (6) dump Tug cryogens

during 0MS and/or MPS burn, (7) interrupt OMS and/or MPS burns to save sufficient

propellant and adjust the delta V with a shorter final burn duration, or (8) use

a computed abort delta V to bias (shorten) the OMS and/or MPS burns and thus to

compensate for abort delta V. It should be noted that these solutions use

either (i) a "thrust-spoiling" or counter-reactive negation technique, or (2) a

"compensation" technique in connection with major propulsion systems and in

these cases, excess cryogen is Jettisoned with the ET in the cases of reduced

MPS burns or is dumped before reentry in the cases of OMS burns. It should be

emphasized that the 0MS burn adjustment therefore only tr_nsfers the problem

from Tug to Orbiter, and thus represents no real solution.

The propulsive abort dumping delta V problem applies only to orbital abort

primarily due to the more precise reentry velocity and time constraints from

orbit. The plan to dump during main engine burn will minimize the problem

for a suborbital abort, and adjustment of velocity is more readily accompli_heC

to compensate for cryogen dumping.

The dumping delta V problem, discussions, and conclusions are characterized

for a once-around-orbit (OAO) Mode IV abort as represcntatige of all orbital

abort modes.

Delta V Compensation for 0nce-Around-Orbit (OAO) Abort Dumnin_

This discussion represents an operational solution to a problem raised by an

action item question and a NASA response, quoted below. The NASA response

reflects one solution to the potential problem. However, it is v_ry con_tr_i_,ing

to limit abort d_ping to the Orbiter thrust period alone, and other options

have been examined.

-.Wo



Refc_-_:nce: NASA-.MSFC Memorandum PD-DO-DIR-73-57, dated June 7, 1973 , extract :

'_et_,-_n Item 2: Can Tug propellants be dumped in the X axis of the Orbiter

to provide pro._e].lant settling during the once around abort (OAO) mode?

R2_Dqgon__t,;_L:In discussions with JSC we were told that the OAO abort trajectory

after Orl.iter thrust termination is critical and may not be able to correct

for any AV resulting from propellant settling thrust and Tug propellant dumping.

JSC therefore requested that _my Tug propellant dumping during an OhO abort

should be completed before Orbiter thrust termination so that the AV imparted

by the propell_ult dmnping can be corrected_'

Altem_..t _iyes

i. Reduced thrusting forces from OMS, _S, or RCS (x-axis).

2. Reduced thrustii_g time for OMS, MPS, or RCS (x-axis).

3. Rot_.tion to 180 ° and retro-thrust.

h. l_otation to +90° and -90 ° and counter-thrust.

5. Dump before OMS, MPS, or P,CS burns.

6. Dump during O_S, MI_S, or RCS burns.

7. Int_;_-rupt OMS, MPS, or RCS burns and adjust AV _Jth final burn duz'ation.

8. Use a computed abort AV to bias the OMS, MPS, or RCS burn and thus com-

pensate for abort dump AV.

Analysis

i. Thrust management of OMS or ;.[PSduring the late burn period is more effective

than early adjustment, due to the lower total weight. A more accurate

result is obtained by adjusting the total thrust (abort dump thrust plus

prim_xry propulsive thrust) to match the programmed flight requirements.

The best alternative is to reduce MPS or RCS rathcr tb_n O_S thrust level,

so the unused propellant is either jettisoned (MPS) or returned (RCS),

mission.



2. Thrust-t_me management of OMS, MPS, or RCS is similar to alternative I:o. i,

and is effective to the same degree. The programmed total thrust tech-

nique, however, must be changed to a programmed total impulse technique using

accelerometers and a clock to determine delta V and to match the programmled

orbital abort flight profile. Again, it is best to use _S or RCS as the

adjustable propulsion energy source, depleting OMS propellants completely.

3. Retro-thrust management represents some control complexity and relies on

computed delta V, using acceleration and time as inputs, as the control

variable. This is an effective method if it is operationally acceptable

to the Orbiter.

h. Left and right yaw thrust management is the same as alternative No. 3 in

most respects. It can be used to effect any desired cross-range adjust-

ment, as well.

5. Dump before MPS burn is not practical, since MPS burns from ir_unch. 0i4S

burn is started later, and could be delayed. However, the dumping time

for LO 2 and LH 2 would usually exceed the 0MS ignition delay time and the

dump would be at least partially concurrent with OMS burning.

6. D_mp during MPS and OMS burn is possible; however, a Mode IV abort is

initiated from T+253 to T+330 seconds, a Mode V from T+330 to T+hg0 seconds,

and a Mode VI (normal mission orbit) after 550 seconds. Considering the

delta V problem for orbital abort only (Mode IV or later), it is evident

that a limited time is possible for a programmed simultaneous _S burn

with the T+256 Mode IV abort initiation. A variable amo'._nt of excess pro,

pellant is available for later burns and the dumping of Tug cryosens can

be compensated by retaining an equivalent amount of potential delta V in

the MPS propellants stored in the ET. It is noted, for example, that the

: normal mls_nn _nsertion in Mode VI is made w__th about 4,500 ib of cryos_'n_

propellants in the ET. In a total dump of Tug LO 2 and LH 2 on orbit,



53,000 ib or more of cryogens are dumped, and an equivalent amount of L?

propellant retention must provide about 58,500 ib-sec of reduced t_ust

for Option 2. This delta V compensation is 9.h2 fps of Orbiter velocity

gain, based on a 200,000 ib Orbiter with p_vload.

The m_in engines consist of three h70,O00 ib thrust units (i,410 K ib total)

for normal thrust to orbit, or two engines may be operated at 512.3 K ib each

at 109% EPL (1024.6 K lbtotal) for abort thrust to orbit. Therefore, with

either normal thrust or emergency thrust, the thrust time reduction is

0.Ohl or 0.057 seconds to compensate for later propulsive cryogen dump

delta V from Tug tanks. Calculation shows that 132.2 Ib of MPS propellant

is equivalent to 100% Tug cryogen dumping.

Delta V trimming is much simpler with OMS, if nonpropulsive 0MS d_ping is

available, and the two 6,000 ib 0MS thrusters would be operated for

h.88 seconds less time and vould save 0.94% of inventory.

e

The four 900 Ib RCS aft x-axis thrusters would reduce RCS operation time

by about 16.3 seconds of net aft thrusting time to compensate for 100%

Tug cryogen dumping.

The discussion under alternative No. 6 incorporates the data to define

either an interrupted0MS or an interrupted MPS burn. The difference lies

in the option to interrupt earlier, then to compute the necessary time,

thrust level, and engine selection for a reduced later OMS or MPS burn

after Tug dumping has been completed. Computation of the delta V gain

from acceleration and time measurements to determine a reduced remaining

delta V desired would then establish a new burn profile for the crew or

O_bit _- p_p,1_, mnna_ement system.



m Use a computed abort delta V to bias the OMS, MPS, or RCS burn and thus

compensate for abo_-t d_mp delta V. This is a pre-f1_l,ht computation. This

is a refinement to alternative No. 7 and should be a_uquate to avoid inter-

rupted burning for abort delta V compensation. This computation is based

on a known weig,ht of cryogen, a known helium pressure, and a known abort

dump line diameter, thus yielding a known propulsion energy and thrust.

If the abort dump initiation time and duration are known, the mass of the

Orbiter will be known and the delta V can be calculated. For each particular

mission, the total mass of Orbiter plus Tug plus payload will be known.

Abort dumping after ET Jettison therefore will impart a delta V which will

be known before mission launch. A brief reduction of MPS, OMS, and/or RCS

burns can be established before launch and programmed into the engine con-

trol system. The simplicity of this method leads to a recommendation that

it be Jncr_rporated in the operational technique fo_" the mission.

Computation of Abort Dum.p Delta V Cgmpensation

gxl W
AV = sp prop

W
orb

Required Total Negative Impulse = Total Tug Dump Positive Impulse

= 25 lb x 1.100 sec for LH 3

+ 50 ib x 620 sec for LO 2

= 27,500 + 31,000

= 58,500 Ib-sec

AV = _ X Impulse

Worbiter

32.2 x 58,500

200.000

= 9.h2 ft/sec = Orbiter AV



RCS Compensation

4 x 900 Ib thrust = 3,600 ib total RCS thrust available

Tots/ impulse available = 2,806 ib x 289 second I = 810,934 Ib sec
sp

Usec 58500/810,934 = 7.2% less of the RCS inventory or 202.4 ib less

of 2,806 Ibtotal. This is a desirable gain

Thrust time duration = 58,500 = 16.25 seconds less time

3,600

Additional Commentary

MPS, DS_, RCS burn times were computed for Orbiter Mass above.

value are correct as shown for burns after ET Jettison.

OMS and RCS

Since MPS burn occurs while the ET is on board, the mass should be with the

empty ET plus 50% of the necessary AV propellant in the ET. This provides for

a MPS burn that is shortened in duration.

Since Orbiter AV = 9.42 fps, calculate reduced _,_S time from the total _._PS

thrust and avera_,e weight:

Approx WpRop AV (WOrbite r + WpL + WTUG + WET + WpRoP/2 ;

gxl
sp

= 9.42 (155 + 78 + _'_ 0.I) klb

32.2 x 442.5

9.42 x 288.1 x I000

32.2 x 442.5

= 19o. lb

Exact WpRoP = 9.42 x 288.095 x I000 = 190.5 Ib

32.2 x hh2.5

This is comparable to the value of 132.2 lb computed previously from Orbiter

weight alone, and applies to Alternatives #2 and #8. If an interrupted burn,

Alternative #7, is used, more propellant will be expended for an earlier in-

terruption period, because the AV gain per unit of expended propellent is less

and must be made up later ....



MPS Co_:_:,,ens,%tion

Three engines at norr.al thrust for 116 see:

3 x 470 K ib x 116 = 163,560 K lb-sec

Two engines at EPL (109%) for 512 sec:

2 x 5].2.3 K ib x 512 = 524,595 K Ib-sec

Orbiter Total Inventory = 688,155 K Ib-sec

External Tank (ET) holds 1,555 K ib of propellant (usable):

Then specific impulse I = 688,155 K Ib-see thrust
sp

1,555 K ib propellant

= 442.5 seconds

T

WpRoP = AV X LOR[_

I x q
sp

This is !R2.2

1,555,000

=
9.42 X 200_000 = 132.2 ib of ET propellants

442.5 x 32.2

= 0.0085% of the ET inventory

Orbiter burn durations are computcd as follows:

Three engines @ 100% Normal 58_5OO = 0.041 sec

l,hl0,000

Two e,_gines @. 109% _ergency

0_ Compensation

1,024,600

= 0.057 sec

0.9_ % of total OMS inventory

2 x 6000 ib thrust = 12,000 Ib total 0_'Z thrust

Thrust time duration =. 58_500 = 4.88 seconds

12,000 ib



1)cli,_, V l_,,nel'[t tin,-_ t.o _;uborbit,_l Abort Dump During Engine Operation

Objective. Assess the effect on AV as a result of dumping LO 2 during the

main engine burn period after SRB Jettison in a suborbital abort Mode III.

As;_ume for this analysis that LO 2 dump is compatible with engine burn and

that appropriate lines are available for such dumping.

An_L[y_is. Two of the three main engines are assumed operable during an

abort. These produce 2 x hTOK lb. of thrust and are operated at EPL Of

109% of nominal thrust, or 109% x 470K = 512.3K lb. each and I024.6K lb.

total. Two OIlS pods will also be operating at 6K lb. thrust each. Total

thrust, then, is 1024.6 + 12 = I036.6K lb. The weight schedule as a

function of launch events is shown in Table 6.h-1.

'Table 6.h-i

SHUTTLE ASSEMBLY WEIGHT DATA

Ascent Weight Orbiter Ext. Tank SRB Total

L[ftol'f (T - 0)

Pre-SRB Sep (T + 115)

Post-SRB Sep (T + 116)

Prc-ET Sep (T + 628.2)

Post-ET Sep (T + 629.2)

207K 1633K 2327K 4167K

207 1280 309 1796K

207 1280 - Ih87K

207 78 - 285K

2O7 - - 207K

Orbiter P/L Cryogens Total

Orbiter Landing (T + 131_3)

Er.pty Cargo Bay

Mi,u. Tuz/PL Wt

I.k_d.Tug/PL Wt

Mod. Tug/PL Wt

155K - - 155K

155 25 - 180K

155 33 - 188K

155 25 8 188K



Averaging the weight at the beginning and end of thrust gives a value for
AV calculation.

Option 1 has 4_746 lb. LO 2 and 795'_ lb. LH 2 (51,700 lb. total).

Option I (Rev.) has 50,850 lb. total at 5.5:1, or 43,027 lb. LO 2 and

7,823 lb. LH
2"

Option 2 has 55,500 lb. total at 6:1, or h7,571 lb. LO 2 and

7,929 lb. LH2.

Option 3 has 5_,h50 lb. total at 5.5:1, or 26,073 lb. LO2 and

_%,377 lb. LH2.

A 3 inch line will drain 7655 lb. of LH 2 in 410 sec @ 18.67 ib/sec; or

45,930 lb. of LO 2 in 630 sec @ 72.90 ib/sec. A 5 inch line will drain

7655 ib. of LH 2 in 130 sec @ 58.88 ib/sec; or 45,930 lb. of LO 2 in 200 sec

@ 229.65 1b/see.

Assume an early Mode IIl abort initiated at T + 121 sees., 40K lb. solar

flight.

Case i Dump LO 2 only (assume an aft 3-inch line) 630 sec in 3 inch

line, (507.2 see during burn)

Initiation: T + 121, I036.6K lb. thrust, 148"{K lb. wt.

OMS burnout: T + 249.3, I024.6K lb. thrust, I174.2K lb.

Main engine burnout: T + 628.2, 0 thrust, 285K lb.

Z_V-
g IT

WAV G

32.2 x (128.3 x I036.6K)

(1487 - i174.2)/2
+ (378.9 x I024.6K) x 32.2

(1174.2 - 285)/2

o 1036.6K32.2 x i__8.3 x
_VI = 1330.6K +

378.9 x I024.6K x 32.2

728.6K

= 3218.4 + 17,157.2

= 20,3"{5.6 fps if no L02 has been dumped.



Nowcalculate the effect of LO 2 weight reduction by dumping:

72.9 Ib/sec x 128.3 sec

LO 2 dumping reduces average wt. by 2 = 4626.5 ib (avg)

1330.6K ib to 1324.0K ib during the first period and by

72,9 ib/sec x 378.2 sec = 13,810.9 ib (avg) from 728.6K ib to 714.8K
2

during the second period.

1330.6 728.6
AV 2 = 3218.4 X _ + 17157.2 _ = 3234.h + 17488.4 = 20,722.8 fps

Therefore, the change in velocity (AV 2 - _V I) due to dumping the maximum of

36,874.8 lb. of LO 2 after SRB jettison and before main engine burnout through

a 3-inch line is computed to be from 20,375.6 fps up to 20,722.8 fps -- a

potential change of 347.2 fps or about 1.7%.

Note: A 2-inch line is provided for vertical fill/drain. The 3-inch abort

dump line is for sub-orbital dumping.

_he total LO 2 dumped during main engine burn, therefore, is 9253 ib + 27,62!.81b =

36,874.8 lb, or about 85.7% for Option l, 77.5% for Option 2, and 80.0% for

Option 3. These values of dumping are not available through the side 3 inch

abort dunp port without unporting (this occurs at about 45% max.). It is therefore

assumed for this analysis that a switch to the aft L02 port is made at 40-45_

LO 2 dump to fully utilize the main engine burn period.

A late mode III abort will occur when much less propellant is in the External

tank but has less effect on velocity gain due to the smaller average weight

reduction during burn.

W

T_ : conclusion is reached that a small but significant delta V is available

for early dump during main engine burn, an_ the greatest gain is obtained from

dump initiation _mmediately after the abort decision is made.





7 OPERATIOUAL COMPLEXITY

7.1 _thodglogy

Operational complexity may be defined as the number, duration, criticality

and ease of completion of the combined events or functions that must be per-

formed on the ground in order to accomplish the required Tug misslons. Greater

capability Tugs have increased complexity by virtue of their ability to perform

payload retrieval through the addition of rendezvous and dockin_ capability.

The ability to handle spinning payloads andservice orbiting payloads are

further examples of added complexity due to increased mission capabilities.

Low performance Tugs incur greater complexity by needing kick stages to

achieve otherwise impossible missions. Autonomy level has a significant effect

on co,.mplexity s_nce it determines the proportion of events accomplished on the

grotu,d versus those performed on board the Tug. Complexity is also related

to the nua_er of critical events because contingency means must be provided

for f_illlre tosuccessfully accomplish each critical event. Complexity in-

creeses with mission duration capability since a larger number of events are

performed over the longer orbit stay times.

Evaluation of operational complexity does not readily lend itself to quantita-

tive analysis. A qualitative examination of the applicability of the factors

affecting complexity to a specific configuration is considered the most suitable

approach to complexity assessment.

T'-/



7.2 Results/Conclusions

The Option 2 Tug is a high performance capability configuration with retrieval

capability. The rendezvous, docking, spln-up and six-day mission duration

capabilities all generate a high complexity level. The autonomy level (III)

is low and the number of critical events is high due to the high performance

capabilities. Both of these factors contribute to high complexity. In summary,

the operational complexity of Option 2 is considered high.



8 Nk_I_ORK/CO_$_UNICATIONSREQUIREMENTS

Subsequent to Concept Selection the COR directed that tracking and communi-

cation network costs be removed from the flight operations cost estimates

and that network utilization requirements in hours be calculated instead

for both the 15 station ground net and a 5 station TDRS net.

Since this determination requires timeline information it was necessary to

base the calculations on the four reference missions for which timelines

have been developed. Computations were made for each reference mission

based on the following groundrules:

a. Each main engine burn requires three ground contacts, i.e., uplink

state vector update, downlink readiness report (with uplink burn

enable or denial) and post burn downlink report. The times

allotted for these contacts were I, 2, and 2 minutes respectively.

b. During long coast periods a Tug status report will be required

every 8 hours. This contact will require 2 minutes.

_8 Ground tracking for orbit ephemeris determinstion is estimated to

require a B-minute track by each of h stations separated by at

least a quarter of an orbit. Such a determination will be

required prior to each main engine burn.

de Other contacts required during payload deployment _rendezvous and

docking were determined from the timelines. These consisted

mainly of uplink sequence initiation and post operation reporting.

UsJn_ these groundrules, the mission timelines and the orbit profiles,

cai!_:ulations were made to determine the number of passes and contact t_ues

required for each reference mission, below and above 5000 k_4 for each of

the option/configurations. Option i and Option B Initial are the same

while Option 2 _nd Option 3 Final are also alike.

[!s_ng the numbe_" of missions of each type for each option derived from the

mi::slon capture analysis, the total n_mber of nasses and contact times for

each mission cntegory _;as calculated. Combining the mission category

totals produc_,'d a grs.nd total for the complete progr[um Options I, 2, B



_nitial and 3 Final. Since these are estimates of requirements, they are

independent of the network considered and will be the same for the 15-

station ground net, the 5 station TDRS net or the AFSCF net.

A summary of network utilization requirement estimates are shown on

the following pages.



NE'FWOIRKOPERATIONSREQUIREMENTS

GEO-SYNCIIRONOUS MISSION (REF MISSION Ii )

PER MISSION

BFLOW 5000 KM

NU_.{BER OF PASSES

CONTACT TIP_ (IN MINUTES)

ABOVE 5000 KM

CONTACT TIME

NUMBER 09' MISSIONS

TOTAL NUMBER OF PASSES

TOTAL CONTACT TIME (IN MINb_fES)

PLANETARY MISSION (REF MISSION _/ )

PER MISSION

BELOW 5000 KM

NUS_EP, OF PASSES

CONTACT TIME

ABOVE 5000 K_,i

CONTACT TIr,IE

TTJ _*._L.._,,,ROF MISSIONS

TOfAL NU_'.[BEROF PASSES

qOTAL CONTACT TIME

HIGH INCLIL'ATION ELLIPTICAL MISSION

([{EF MISS[Of[ £ )

]TdR MISSION

}U,;LOW 50{30 KM

NU_£_]!]qO/ PASSES

CONTAC f TIME

ABOVE 5000 KM

CONTACT TIME

.K""!,E_ZR OF MIS_:IONS

TOTAI, NUI._ER OF PASSES

TOTAL CONTACT TIME

,0ption ]

29
70

_9

113

3277

13hh7

37
89

19

21

777

2268

28
68

h5

56

1568

6328

Ontion 2

29
7O

128

105

3o*_5

20790

37
89

19

518

1512

28
68

57

57

1596

7125

, , ,, ,

Oot ior 3

Initial.

29
70

_9

82

2378

9758

37

89

19

].6

592

1728

28
68

45

22

616

2h86

.... ii

29
7o

128

131

3799

25938

37
89

19

6

222

6h8

_8
68

5"f

5Z

lh28

6375



_WORK OPERATIONS REQUIREMENTS

(Continued )

SUN SYNCHRONOUS POLAR MISSION

(REF MISSION 5 )

PER MISSION

BELOW 5000 KM

NU_ER OF PASSES

CONTACT TIME

r_UMBER OF MISSIONS

TOTAL NUMBER OF PASSES

TOTAL CONTACT TIME

GRfd'ID TOTAL NUMBER OF PASSES

GI_AND TOTAL CONTACT TIM?: (IN MINUTES)

Option I

31

74

32

992

2368

6614

24411

Option 2

31

74

45

1395

3330

655h

32757

Opt%on B

Initial Final

31 31

74 74

io 48

310 1488

740 3552

3896 6937

14712 36513



9 GUIDANCE t'I'DA';:I;;_I._ALYSIS

An;!vses of the Cuidance t_avigatlon and Control (GNC) subsystem vere made to

d_,te:-mine p!acew.ent accuracies at synchronous altitude. The analyses included

the effects of the navigation uncertainties of the ground trackir_ syst_T_ and

tLe guidance citers accumulated during each of the main engine burns.

T_;. ground tracking accuracy was aaa!yzed by Aerospace Corporati_n using a

_i_[tal ccnl_uter sirm:lation based upon the current ramie trackim_ accuracy of

the $TD[_ and SGLS equipment. '_.'hesimulations established a nee/ for f_ur &rf],,,nd

eoyt?.ct_; in lo'g cartl: orbit to determine n_vigation parameters of :;'Jfficlent

_,:r-ur_c_" to accomplizh the synchronous deployment mission. After fo_,r zta_ion

contacts in Io_ earth orbit, th? navigation uncertainties were as reflects:

Radial

In Track

Cross Track

Pos tio n Velocity

(ft) (ft/sec)

6!0 3.o

30_0 0.6

61o 0.6

, ,.%.t..,-, ..+-+r,f th._ g_+c.und star+on eoveraEe ";as made to, ,dote_n-ln _. _he n+,mber

of F,osslb].e contacts in the low orbit portion of the synchronous m_ssion.

The folio+ling sta_,ions were assumed in the analysis.

MIL .- Mila

TIC_ .. '['an_marine

HAW- Hawaii

GDS C.oldstone

._.OS- Re,man

BDA- Be_x._ud.a

ACN - Ascension

BUR - Johannesburg

QUI - Quite

AGO - Santiago

GW]4 _ Guam

@

The results are summarized in Figure 9-1 and Table 9-1. The t_ne scale

origin is at Shuttle lift off. Based on the navigation analysis, the earliest

cp_ortunity for the phasing orbit burn is approximately one hour and forty

minutes after launch. Dependit_ on the longitude of the paylcad deployment,

the first burn can be as late as ll hours and 5 minutes.

Availability of tracki_g stations for the transynchronous orbit was also

investigated For %h_s analysis A-"" +_" _'_.... ._ ,.._ :i.'_ stet_ons were utilized:
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Table 9-1 (Page 1 of 2)

TRACKING STATION COVERAGE

(for 28.5 ° parking orbit)

Acqu i:_ition Loss

of of

Signal* Signal* _t

HR: MIN HR: MIN MIN

Station

v

0:00

O: 32.15

i:13.31

I: 23.82

i: 30.96

I: 31.25

l: 35.69

1 :49.68

2:0.93

2: 5.89

2:47 .i0

2 :57.31

3: 5.51

3 :39.16

3:50.30

3:56.15

4:22.30

4:45.o6

_: 55.61

5:7.40

5:32.47

5:39.90

6:42.33

7: 9.88

7:15.02

7 : 56.28

8:25.24

9:58.56

O: 2.84 2.84

0 :36.82 4. 660

1:17.25 3.943

1 :27.15 3. 331

l: 36.04 5.079

1:34.06 2.810

1:37.65 1.954

i: 55.67 5.990

2:7.56 6. 642

2: ii .i0 5. 216

2:51,90 4.800

3:0.89 3.585

3:9.00 3.496

3:44.92 5.751

3:57.06 6.755

4:0.80 4.650

4:28.96 6.658

h: 51.07 6.Oli

4:59.56 3.951

5:12.75 5.552

5:41.18 6.712

5:45.91 6.006

6: 48.70 6.367

7:16.65 6. 769

7:21.77 6.750

8:3.05 6.774

8 :27.94 2.703

IO: 4.5_ 5._57

MIL

TAN

HAW

GDS

MIL

ROS

BDA

ACN

BUR

TAN

HAW

GDS

MIL

ACN

BUR

TAN

GWM

HAW

GDS

QuI

BUR

TAN

QuI

BUR

TAN

HAW

AGO

#_C_q



Table 9-1 (Page 2 of 2)

TRACKING STATION COVERAGE

(for 28.5 ° parking orbit)

Acqui sition Loss

of of

Signal* Signal*

tIR: MIN HR :MIN

At

MIN

Station

10:56.99 i0:57.07

ii:33.47 i1:49.85

iI:48._8 ii:54.56

12:30.66 12:36.95

13:8.66 13:14.38

13:23.60 13:29.65

*Based on minimum look angle of 5°

2.079

6.381

6.082

6.292

5.713

6.055

GWM

AGO

ACN

GWM

ACO

ACN



COOK- Vandenberg

GW',I - Gusto

BOSS- NewHampshire

IOS - Indian Ocean

HULA - Hawaii

Because the destination to 6eosynchronous altitude can be arbitrary, arrival

longitude was made a variable parameter. Figures 9-2 thro1_h 9-6 show-

the tracking coverage for each of the five stations. Fi;fare 9-7 sho'_s

the total coverage for all stations. These data were _cn_.rated from an

N/DAC computer program called Trajectory Simulation M_uua! Program AD77.

_"ais program was originally developed as an analysis aid for SaturnSS-IVB

stage preflight and post flight simulations. Results sho_¢ that complete

coverage is available after about 75 rain. during the ascent, With continucuz

coverage available after 75 minutes, the naviaation accuracy is as follows:

Radial

In Track

Cross Track

Position Velocity

(ft ) (ft/s ec )

533 .189

3261 .!_0

Z5245 1.250

%_neguidance error sources are s_--_arized in Table 9-2 and _e based

upon present strapdo%u_ hardware technology. The gyro errors are based

upon uncalibrated drift rates which can be reduced considerably if the

gyro is calibrated prior to the _ag launch. This error analysis is also

based upon utilization of the star trackers for an attitude update prior

_o each main engine burn. The placement accuracy sensitivities to these

error sources are summarized in Table 9-3 which indicates that

accelerometers are the major source of error. The errors are based upon

uncorrected targeting data.

Table 9-_ summarized the total placement accuracy for both the uncorrected

and corrected cases. The corrected placement accuracy is based upon re-

targeting of the final insertion burn using the navigation update during

the transynchronous orbit. Both cases are well within the specified
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RENDEZVObS AND DOCKING

i0. i Rendezvous

Baseline rendezvous and docking operations for option 2 are initiated

immediately following the injection burn into the target vmhicle orbit.

Targeting conditions for this burn are defined by vehicle place-_nt accuracies

and rendezvous sensor capabilities. Specifically, the targeting point must be

chosen so as not to exceed the sensor maximum range and maximum scan capabilities

for a given placement accuracy. This relationship between accuracy, targeting,

and sensor acquisition is shown in Figure 10'l. The rendezvous sensor specified

for these options is body fixed scanning laser radar with a maximum range

capability of 100 nmi and a scan field of view of ±15 °. The placement accuracy

for both options is -+10 nmi (3_). Referring to Figure 10-1meetlng the -+15° FOV

requirements results in a targeting range of 50 nmi and a maximum range of 60

nmi, (Points A) which conforms to sensor capabilities. These range values may then

be referred to Figure 10-2 whi _. shows the lendezvous time/energy trade. For a

6 hour rendezvous interval (chosen to minimize out of plane correction

requirements) the rendezvous AV required is between 26 and 39 ft/sec.

By relaxing the -+15° acquisition scan angle condition rendezvous energy

requirement may be reduced. Since the sensor is body fixed this requires

maneuverin_ the vehicle to increase the effective scan FOV. As indicated in

Figure 10-1, increasing this value to -+45° results in an energy penalty of

2.3 ft/sec (equivalent AV) and a time penalty of 16.5 sin and gives a nominal

ravage of 25 mi and a maximum range of 35 mi (Points B). From Figure 10-2 this results in

a rendezvous AV range of 12-21 ft/sec or a net nominal AV reduction of

13.7 ftlsec.

Docking

The docking phase of the operation begins after braking the gross rendezvous

velocity and at a range where docking port orientation can be detected.

Following this detection a small (Z 2 FPS) axial closing velocity is co-,,anded.

Subsequently a lateral circumnavigation velocity is commanded to maneuver the

vehicle to the desired pesition along the extended docking port axis. The exact

/0- /
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ranges at the start and finish of this maneuver are not critical but there is

significant relationship between them. The initial range must be large enough

that the lateral displacement required for slignment can be achieved with a

small lateral velocity input. Otherwise the sloshing excitation caused by

lateral acceleration may Jeopardize controllability. Simulation results indicate

that a range of 500-1000 f% is required. Figure 10-3 shows a Simulation of the

terminal phase of such a maneuver.

Once translational and rotational alignment with the docking axis has been

attained final closure to contact is initiated. Nominal closure rate will be

1 fps and the vehicle attitude and translational position measured by the sensor

and nulled about the docking axis. Simulation studies (including sloshing

effects) have shown that this maneuver may be controlled within the following

limits.

Axial Velocity

Rotation

Translational Position

+-.25 FPS

+-.20 deg

-+.3ft

As the Tug approaches the target there will be a minimum range condition at

which closed loop tracking and homing ceases. From this point to contact the

vehicle is inertially controlled based on the last measured closing conditions.

Contact error conditions may then be determined based on the control accuracies

given above, sensor accuracy, and the accuracy of the terminal inertial closure.

The error values as defined in Volume 5 are:

Sensor Angular Measurement

Gyro Drift

Accelerometer Null Error

Sensor-IMU Ali gmaent

.02 deg

.2 deg/hr

lO_g

.i (leg

The resultant contact error values are shown in Figure 10-)4 as a function of

loss of track range. For the sensor alone the minimum range capability is

5 ft giving a contact error of 5.7 in. However, geometric viewing constraint

ms_ increase this minimum range value. For example, with the sensor on the



periphery of the Tug and a requirement to view the center of the target

(probable for spinning targets) the minimum viewing range is 26 ft. Referring

to Figure 10-h this increases the contact error to 6.3 ft. However, the docking

mechanism will tolerate errors of up to i0 in so that the minimum viewing

range requirement indicated is h6 ft which seems achievable for any target

geometry viewing conditions.

/0 r
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ii.0 GROUNDANDLAUNCHOPERATIONS

ii.i INTRODUCTION

The results of the ground and latmch operations task include the detailed

definition of all l'round and launch operations activities, equipment, manpower

and schedules at both the Eastern Test Range (K.(IC)and Western Te._;t_ange (VAFB)

which are required to mlpport both NASA and ])OD 'Cub mission.c;.

l

The overall study/progr_un oblectives which related to tho l:round and launch

operations task are to

i) Low cost, development nnd operational, shall be a prime objective in

the attainment of the Space Tug capability.

2) The Tug shall be fuily reusable with a minimum life of 20 missions with

a design goal of iO0 missions.

S) The mission success reliability goal for the Tug shr_ll be 0.97 minimum

for all mission phases.

h) The Space Tug will be desiF, ned to be returned to earth in the Shuttle

and be reused; reusabillty with minimized maintenance/cround turnaround

Q

o:_t i'; a desif, n o1_jective.

5) The Tug shall achieve resonable turn-around times and e_fective mission

c'st by reducing as much as possible, maintenance and inspection of

systems, resulting in minimum subsystem replacements between flights.

v

The metho/olo_y of' the vround and launch operations development for the cryovendc

Tu,_,_L.us_c_]y eonsi:;ts of a ten step process. Each process step is described

belo_ _riJ illustrated i,i Figure ll.l-l.



o

" "t_- " F[i ............ "_

!,,'-.'- ,I £". , }.c, r,,,
_=t ] .- LI!/..',=_-lltli'_l

:'k_ k/'
l i?_i i i I !_lll 14 ,,igI\ li.:----:_--'_

,,:_,_...,. ,_.__....:t,/_ '_ ..........._-.-v.i,

>'4:-,

0
,--I
0
,1:1
o
.._
4...)

,-io-,.-I

0

0

,el

_o



STEP i: F0[ICTIONAL FLOWS

Fo," ,,;_h Tuf_, vehicle confl_ur,Ltlon option, top level functional filo_ diagrams

_:ere deve]oped utillz_n;_ data and Kroundru]es presented in the April ]073

d_ita package to reflect the operat_oanl requirements of each Tu_ option

fo_" the following items:

}"light Renulrements (::ASA/DOD).

o F.T[{launches

o WTR launches

Flight Composition

o Tug (Basic)

o Tub -_ith Kick St_;e

W

STEP 2: TASK DESCRIPTION SHEETS

As a prerequisite to the development of timelines and manloading, a task

-p_-

functional flow diaFram'; of Step I. These sheets were based on the guide-

lines and requirements contained in the April 1973 data packaF, e as well as

MDAC experience in performing similar tasks on the CIV, sIVp,, Thor, Thor

Delta, _md Skylab programs. The title, objective, purpose, location, required

enuipment, manpower and interface requirements for each functional task were

specified on these sheets.

STEP 3: SUBTASK DEFINITION

Individual subtasks and their respective manpower allocation required to

accomplish each functional task w_.re defined utilizing the task description

sheets of Step 2. Timelines were then developed to determine the overall time

required For each functicnrd task. These sheets were coordinated (and modified

as necessary) with compan_ engineers having appropriate checkout, maintenance

and reFair experience to insure the reasonableness of the time estimates _.nd

ac_equ,_.:y o.e t._,_,. ,:_U_ipment ,b,fined.

,)_,..,.....,,I_: _,_,TZSr()NMOI)V,i,ANALYS]."

The mi,,._:ionm.,.i_:] f_r ,_aeh 'i'u_" vehicle configuration option was analyzed



l'or etlch launch _[L,: with regard to number of l_nimches, u_.c.r (HA_:& and 7_;7),

flIEht compo_itlon, and mission type (deployment, round trin, etc.) 'ihe

predominate Tu_ mission was then selected for detailed an_lysi_ and

development of task %imelines and sequences, and cround and launch operations

manning requirements.

Zq'EP 5: TASK'....___I[!:[I_IN_: _ Arg)._.z,'zE_QIJFNCE DEVELOPME!_[

Based on the predominate Tu_ mlssion selected for each Tug vehicle

confit_uretion option in Step h, the appropriate functional task timelines

developed in S_ep 3 were assembled on a sequential hour by hour basis in a

manner consistent _ith the functional flows for each respective Tu_ option.

STEP 6: TUNNANOUNDTIMES

Tua turnaround times were determined and top-level operati¢_nal bar-chart

flows were developed for each Tug confignlration option base,] on the assembled

timo]Ines of Step 5. Statistical analyses of unscheduled maintenance require-

ments were included to provide adequate time for contint_tmcies. }_y this

means, the probability of meeting the turnaround time was established as .985.

STEP 7: SKILL PER SHIFT DETERMINATION

The task timeliness of Step 5 were evaluated on a task per fliFht basis and

appropriate manpower skill requirements were optimized uti]izin_ skill

sharing techniques where possible to assure maximum utilization of individual

wo _k r'r _3.

STEP 8: _.,AXIMUM vs. MANDATORY SKILL BREAKDOWN

A skill per shift matrix was developed for each qhlg vehicle configuration

optic,_i utilizin< the data derived in Step 7 in order to determine the

F..'uxJl.;umski]] breakdown r_'quirements and the mandatory skill breakdown



requirements durinE those shift8 whose operations are constrained by the

Orbiter Eround processlng schedule.

STEP 9: MANPOWER vs. FLEET SIZE D_NATION ,

Based on the required on-orbit time and the turnaround time derived in Step G

for each Tug option, liftoff to ill, off times were determined and the active

_g t'leet size for any required l&_nch rate was derived. Manpower levels

for each requlred _skill were then assi@:ned on a per-shift basis accordingly.

STEP ] 0 :

Utilizing the data generated in Step 9 and the number of required launches

per year as specified in the traffic model for each Tug option, a total

manpower per skill per shift per year matrix was developed.

The ground operations plan developed for each Tug vehicle configuration option

provides the neces:_ary supportive elements and associated data neees:_ary to

accomplish the study/program objectives and includes the followin_ with pertinent

resultu stur_arized in Figure Ii-_.

I. Grouted operations cost data for each WBS element

2. _4anninK requirements (skill categories, crew sizes by year based on launch

rate for botl_ ETR and _I_R)

3. Active Tug Fleet size

h. Total program f]eet size

5. !mFact to Ground Operations in each applicable area for a two-year IOC

delay for each q_g option

6. Operations constrained by the Orbiter

7. Groun,_ turnaround operations description and timelines based on functional

f!ov diagrams

8. Task descriptions for each Tu_ option

_,, _,_ .... ,, _(,r_{e_,,] e_r,_lifJpn An_ _esneetive costs



i0. GSE descriptions (type, amount, location, cost, etc.)

ii. Maintenance/Refurbishment/Checkout impact on turnaround cycle

12. Spares planninK



ST UC)Y TASK

II (_1H)UNI) OPS.

COST DATA

2) MANNING

REQ'MTS

3) ACTIVE TUG

FLEET SIZE

4) TOTAL PROGRAM

TUG FLEET

SIZE

F.) 2 YEAR

'IOC

IMPACT

I _ )I'.',TR.\INE O

8Y OI_BI TER

7J GROUND

TLh{NAROUNO

TIME |HHS)

81 _A_K

[)L_,CltIPTION

DEVELOPMENT

_) FACILITIES

RCQMTS

DEFINITION

10) GSE

DESCRIPTION

11)MA_t_TIREFURi I

CMEC_OUT

IMPACT ON

TURNAROUND

OPTION I

IL

ETR: $6406 M

WTR: $213S M

PEAK YEAR MANNING

ETR: 1£14)

W'rR: E9

ETR: 3MAX,

I MIN.

W'rR: 1

ETR: B

WTR: 2

184MAN-YR

ItEDUCTION

ATETR

LANDING TO

LANDING + 21 HR$

L / O - 144 HRS

TOLIO

ETR 301 NASA

309 DOO

WTR: 306 NASA

306O00

55 FUNCTIONAL

TASKS OEF INEO

REQUIRES A NEW

PAYLOAD

PROCESSING

FACILITY AT

E TR & WI"R

7B TYPES OF

GSE EQUIP.

REQUIRED

MAINT I REFUtlqll I

CHECKOUT

REQUIRES _ NRI

OPTION 2

ETR' $53.07 M

WTR. $22U M

PEAK YEAR MANNING

ETR: 260

WTR : 126

ETR : 3 MAX.

2 MIN.

WTR: I

ETR: 7

WTR: 2

431 MAN-YR

INCREASE AT ETR

199 MAN-YR

INCREASE AT WTR

LAN OtN(J 10

LANDING • 21 HRS

LiD. 144HRS

TOLIO

ETR: 3_ NASA

_IDOD

WTR: 3_ NASH

3_DOO

58 FUNCTIONAL

TASKS DEFINED

REQUIRES A NEW

PAYLOAD

PROCESSING

FACILITY AT

ETR & WTR

82 TYPES OF

GSE EQUIP.

REQUIRED

MAINT I REFURe I

CHECKOUT

REOU)REI tl NRI

OPTION 31

ETR: $39.19 M

WTR : $25.6 M

PEAK YEAR MANNING

ETR: 168

WTR: 119

ETR: 3 MAX.

I MIN.

WTR: 1

ETR: 2

WTR:2

243 MAN-YR

REDUCTION

AT ETR

LAN_:NG TO

LANDING ,i. 21 HR$

L / O - '144 HRS

TOLIO

ETR : 30G NASA

319 ODD

W'rR: 309 NASA

309 ODD

156 FUNCTIONAL

TASKS DEFINED

REQUIRES A NEW

PAYLOAD

PROCESSING

FACILITY AT

ETR & WTR

1P? TYPES OF

GSE EQUIP.

REQUIRED

MAINT I REFURI I

CHECKOUT

RIQUIRlll 71i HR|

OPTION 3F

ETR: $5784 M

WTR: $? g3M

PEAK YEAR MANNING

E ZR : 245

WTR : EO

ETR: 4 MAX.

2 MIN.

WI"R : 1

ETR: 4

WlrR: 2

NO EFFECT

LANDING TO

LANDING _. 21 HRS

L I O - 144 HRS

TOLIO

ETR: 328 NASA

341 OO0

WTR: 374 NASH

324 ODD

_8 FUNCTIONAL

TASKS DEFINED

REQUIRES A NEW

PAYLOAD

PROCESSING

FACILITY AT

ETR & WTR

83 TYPES OF

GSE EQUIP.

REQUIRED

MAtNTIREFURBI

CHECKOUT

REOUIREE ?$HRE

CR ',43

OPTION 3

COMPOSITE

ETR: $9?03 M

WTR: $33.63 M

PEAK YEAR MANNING

ETR: 290

WTR; 181

ETR: 4 MAX.

I MIN.

WTR: t

ETR: 8

W'rR: 2

243 MAN-_R

REDUCTION

AT ETR

LANDING TO

LANDING • 21 HI.IS

L IO. 144 HR$

TOLIO

"_ "' /

ETR: 328 NASA

341 O00

WTR: 324 NASA

324 ODD

BIB FUNCTIONAL

TASKS DEFINED

,.I. "-.,

REQUIRES A NEW

PAYLOAD

PROCESSING

FACILITY AT

ETR & W'FR

83 TYPES OF

GSE EQUIP.

REQUIRED

MAINTIREFURBI

CHECKOUT

REQUIqE$ 71bHR$

w

Figure 11-2. Ground and Launch Operations Summary



11.2 Groundrules and Assumptions

The groundrules and assumptions which influence the development of the ground

_d launch operations planning are su_narized as follows.

11.2 •1 General

Objectives

o Low cost, development and operational, shall be a prime objective in the

attainment of the Space Tu 6 capability. (Data P_)

o
The Tug shall achieve reasonable turn-around times and effective mission

cost by reducing as_much as possible maintenance and inspection of systems,

resulting in minimum subsystem replacements between flights. (Data Package)

Faci lities

o The Tug shall be capable of being serviced by the standard STS environmental,

power, and fluids service facilities. Unique support requirements shall be

provided by the Tug contractor• (Data Package)

Facilities are required at WTR and KSC to support pre-flight and post-flight

processing of the Tug. The facilities shall provide standard servlces,e.g.,

power, fluid, and environmental control.

11.2.2 Ground Systems

Ground Support Equipment

@ The need for specialized post-flight servicing equipment shall be minimized.

(Data Package )

e Reconfiguration on the (Orbiter) access panels will be charged to the Tug

as will the unique AGE required for the checkout or test procedures. (Data

Package )

Checkout

@ The Tug shall utilize the automatic checkout AGE for pre-flight and post-

flight checkout and test procedures .(Data Package)

@
When installed in the orbiter cargo bay on the launch pad, Tug access to

the automatic checkout system shall be via the standard Tug to orbiter

interfaces. (Data Package) °



O Un_c_e Tug checkout or test requirements will be supported from the -_

Pa_ioad Service Tower through orbiter interface psnels. (Data Packa_ )

@
The Tug shall also be capable of interfacing with a secure SGLS compatible

communications system when secure data transmissions are required to support

Tug processing procedures. (Data Package)

"2."
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_1.2.3
Operation Plan

Receipt

o

o

o

I

The Landing Facility will be utilized to accept initial

delivery of _he Tug at the launch, site via logistic aircraft.

(Data Package)

The Landing Facility will provide for post-flight recovery

of the Tug via the Orbiter vehicle. (Data Package)
o

./

New Tug-s vflI be delivered to the launch site by air.

(Data Package )

o The aircraft will be ofT-loaded vith contractor furnished

transportation and handling equipment. (Data Package)

o The Tug off-loading from aircraft rill be accomplished by a

launch site crev who rill remove the vehicle from the aircraft

and deliver it to the PPF at WTR or the Tug Processing

Facility at KSC. (Data Package)

o Any specialized shipping equipment rill be removed following

receipt (at the PPF or TPF) and returned to the contractor.

_ (Data. Package)

o A new Tug will be subjected to a visual and functional

inspection for shipping damage. (Data Package)

.'_°

.... . ..'° ._. o.

#6



• o

_orage

o At the completion of the initial receiving inspection

operation or the maintenance cycle, the Tug v_l be prepared

for storage in an operational condition if not scheduled

-for a mission, (Data Package)

O,

o

RefUrbishment

At _NI_, the DOD rill perfc_n postflight maintenance and

refurbishment operations for both DOD and NASA Tugs in a

dedicated DOD payload processing facility. (Data Package)

At KSC, NASA will perform postflight maintenance and

refurbishment for both DOD and NASA Tags in the NASA Tug

Processi_ Facility. (Data Package)

o

o

At VTR, the P_load Processing Facility supports the receipt,

Irtorage, refurbishment and pre-flight processing and checkout

of the Tug, including, if required, mating and integration

of the Tug with a spacecraft.. (Data Package)

At _C, the Tug Processing Facility supports the receipt,

storage, refurbishment and pre-flight processing and checkout

of the Tug, including, if required, mating and integration

of the _ with a spacecraft. (Data Package)



o

o

_-:..

Tug activities rill include perfor'man_e of required corrective

actions identified during the prece_in_ mission and those.

identified during the inspection, handling, and service

activities of the t_naround cycle. (Data Package)

Predictable malnte_ance using trend analysis data derived

fx_ on-_oard systems will be emphasized to the maxlm_n extent

 ssi me. (Data Package) -"

o

o

Preventive maintenance actions will be syste_aticaA_

carried out to provide for the general care of the Tug.

(Data Package)

Inspection

- The Tug will be subjected to a detailed visual

inspection of all accessible spaces and installations

on arrival in the Tug Maintenance Facility. (Data Package)

Accessible Inspection will include the following:

a. Vehicle structure condition

be

C.

Security of subsystem installation

Contaimnent of fluids

d. General condition of vehicle

e. General- cleanliness of vehicle (Data Package)

e _
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O

-i

Inspection of spaces not readily accessible, e_

the non-destructive evaluation of structural and

mechanical equipment, will be completed on a

periodic basis depending on the n_ber of missions

@ompleted and total flight hours. (Data Package)

Inspections will be performed throughout the

maintenance and checkout cycle on a progressive

basis to insure vehicle integrity. (Data Package)

Preplanned preventive maintenance will be accomplished during

every maintenance operation. Preventive maintenance will be

scheduled for periodic accomplis_nent on equipment not

requiring service after every flight. (Data Package)

o Unscheduled maintenance will be accomplished on an "as

required" basis. (Data Package)

Preflight Processing .

o Refurbished DOD Tugs at KSC will be routed to a dedicated

DOD pe_load processing facility for pr,_.flight processing by

DOD personnel. (Data Package)

o Premate activities will be to establish and test the Interface

(mechanical, electrical, and fluid) between the Tug and the

spacecraft and/or Orbiter. (Data Package)

..

--4"



O' Testi_

m

(Data Package) ..

A 8_ace Ground Link System (SCLS) compatible

communications link rill be provided between the

T_ and Spacecraft Marine FacLlity and the Satellite

Control Facility tO Support integrated systems tests.

The Shnttle InteEration and Mating Facility will

pa_eide the ca_ahilities to perform Tug and/or

Spacecraft health checks.

Hew Tugs will undergo integrated systems testa

_rior to premate operations.

Systems containing a reported _l_nction vLll

be tested to verify an_ isolate the discrepan_r.

• °

When the required maintenance actions on the vehicle

have been completed, all subsysteas that have been

entered for maintenance purposes will be indi_dual_y

checked out and verified.

At the completion of the maintenance and checkout

procedures, the Tug will undergo integrated system

tests to verii_ flight readiness. --



• e
q

o Tug'to-Spacecraft Mating (Data Pack.e)

- The Tu_-to-S_acecraft marine will be p,_formed in

the PFF for DOD spacecral_, and in the TPF f.r

NASA spacecraft at ESC.

The Tug-to-Spacecraft mating will be performed in

the PPF at WTR. ..

Tug-to-Spacecraft mating o_erations are completed

vith interface verification and integrated system

tests.

Spacecraft cleanliness shall be maintained and

verified following the mating activities.

o
Installation in Orbiter(Data Package)

- Installation of payloads (Tug and/or spacecraft)

in the Orbiter cargo bay is currently baselined to

be accomplished in the Orbiter MCF while the Orbiter

is in the horizontal position.

Installation in the vertical position using the

l_a.71oadchangeout facilities _rovided at the launch

pad shall be utilized for contingencies only.--



0

I

Orbiter MCF provides _e capability for.

!n__tallatlon of the _ or Tu_/_acecra_t assembly

in the Orbiter cargo bay.

The electrical and mechanical mating operations

are performed and interface verified through

AGE/GSE and the mission operator console.

. --

Storable Propellants (Data Package)

_J

The Storable Propellant Facility provides the

capability for loading storable propellants into

the Tug for preflight operations.

The Storable Propellant Facility provides the

capability for residual propellant removal and

Tug decontamination.

O

O

hvir_ment

m

Servicing

(Data Package)

The Shuttle Integration and Mating Facility will

provide the capability to maintain the Orbiter

• cargo bay environmental condition within the

requirements of the Tug and/or spacecraft.

(Data Packase) --

Fac_lities at the launch pad ._11 provide the

tol.Xo,rlng for the TUg:

a. .Propellant Fill s_d Drain

b. Emergency Propellant Drain

II'"I o
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(cout, l

el

d,,

go

f.

Preuurant" Fill and Vent

Co_nunications Links for Status Monitori_

Subsystem Tests

Inte_ated System Test

Storable Tug propellants and pressurants may be
e

loaded either on the pad vhile the Tug is in the

cargo bay or at some remote tanking facility prior

to Tug/Shuttle integratlen

O Pad Hold

m

(Data Package )

If a hol_ is required after cryogenic propellant

!Oadi_ the propellant loadi_ system vlll be

@onf_ured for a replenish mode of operation.

During a hold period, selected airborne and AGE/GSE"

par_-eters viii 'be monitored to ascertain the Tu_

system status.

0 Baekout (Data Package) :

Cryogenic propellant detankir_ rill be acc_nplished

via the propellant loadi_ system GSE.

During detanking,

utilized for the Tug and Orbiter,

aCeempiishe_ slmultane_._-'!y_

indtwldual drain lines rill be

and ttds v$11 be



Monitoring of detanking will be performed re_otel_r.

The removed payload (Tug and/or spacecraft) will

be returned to the PPF or f_e 'TP_.

o Safe and Purge (Data Package)

- At the safe and purge area, residual propellants

-- are removed and the propellant tanks purged.

At the safe and purge area, high pressure gas

systems are vented.

At the safe and _rge area, the unexpended ordnance

is disarmed.

Thermal control of the Tug and/or spacecraft will be

maintained during safe'and purge procedures.

0 Rmoval

m

(Data Package)

The Orbiter MCF provides the capability for removal

of the Tug or Tug/spacecraft assembly in the Orbiter

cargo  ay.

°

.0



• •

... 6."

For contir_encies, the Mobile Payload Service Tower

su_ort payload removal at the launch pad.

SecuritT procedures will be required if a classified

spa@ecra_t is to be re_0ved and only spacecraft

pr@@essing personnel with the required security

@learan@evtJ.l be allowed to perfor_ this task.

Classified Spa@ecraf_ (Data Package

- A se@urtty patrol will acc_npany a classified

spacecraft during a_ltranspor_ation.

If & classified spacecraft is to be transported,

proc_la_res will be employed to ensure p_°slc_

see_ity.

O Cleanliness (Data Package)

Cleanliness will be maintained throughout prefl_ht

transfer.

The Tt_ vii1 be enclosed in a protective cover to

maintain its cleanliness durir_ transport to the

spacecraft mating area. --

V



ii.2.4 SHUTTLE GUIDELI3ES

PTef!_ht P_ocessi_

o I-*te21ation

0

The payload will normally be installed with the

Orbiter in the horizontal posi_on. (JSC 07700)

The access, removal, and loaxllmE of payload items

on the pad must be accomplished no later than TBD

hours prior to launch. (JSC 07700)

Checkout and Testi_

- Detailed acceptance testing of each payload

subsystem is performed prior to installation.

(asc 07700)

A launch readiness checkout will he conducted

at the launch pad prior to prelaunch servicing and

_ropellant loading. (JSC 07700)

Checkout of the payload for pre-launch operations

makes use of the ground checkout equipment and the

onboard checkout command decoder for hardwired upltnk

co=hands. (Jsc _77oo)



Conditioned air purge will be suppl/ed to the paTload

b_7 at the launch pad, up to 30 _m_as prior to

propellant loading. (JSC OTTO0)

a. 0 to 200 lbs/min.

b. _"F to 120°F within +_20? of desired

c. Class 100,000

d. 0 to _3 grains/pound of air

FrcR 30 minutes prior to propellant loading, up to

liftoff, a GN 2 purge (for the payload bay) will be

supplied.(JSC 07700)

a. 0 to 200 l_s/_n.

b. _5°F to 120°F, within +_2°F of desired

e. Class 100,000

d° 0 to 1 grain/pound of GN2

Post-Fli_ht Processing

0 The payload will normally be r_ovedvith the orbiter in

the horizontal position. (JSC 07700)

w_P



ii.2.5 WORKING GROUP GUIDELINES

Launch Rates

O Use a uniform launch rate in a given yeaa-. (G & LOPS PANEL),

Shuttle Compliance

o The Tug ground operations must be compatible with the

o

Baseline _C Space Shuttle Processing Flow.

The capabilities and constraints

are summarized on Figure 11.2.5-1

(G & LOPS PANEL)

for the Space Shuttle

(G & L OPS PANEL)

o Hanloading requirements are based on work schedule

a. 8 hr/shift
b. 2 shifts/day
C. 5 days/week

Cleanline ss

o It is recommended that Tug cleanliness be compatible with

that provided in the Orbiter payload bay (G & L 0PS PANEL)

Security

o Security at WTR should be treated the same as KSC.

(G a L oPs PANEL)

Alternate Site

o Alternate sites will not b_ available for the Tug Program.

(Cost Panel)
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Ground Operation Plan

Section 11.3 provides a baseline ground operations plan to

support the DOD-SA_S0/NASA-MSFC Option 2 Space Tug. A pre-IOC

operations plan, top-level functional flows, operations sensi-

tivities to Tug configurations, operations constrained by the

Orbiter, ground turnaround operations, task descriptions and

manning requirements are provided in this plan.

The plan identifies the ground operational requirements for the

Tug, including interfaces and interactions of DOD and NASA

operations at ETR (KSC) and NTR (VAFB).

A two-year early lOC within the Option 2 Space Tug program has

the following effects on active Tug fleet size and total manpower

requfrements.

Active Tug Fleet Size:

The active Tug fleet size in program years 1982, 1983 and 1984 is

increased from zero to 2, zero to 3, and 2 to 4, respectively at

ETR.

At WTR, a two-year early lOC increases the active Tug fleet size

from zero to i in program years 1983 and 1984.

Total Manpower Requirements:

The total manpower requirements are increased in program years 1982,

1983, and 198_ from zero to 181, zero to 181, and 181 to 250 people

respectively for a net increase of 431 man-years at ETR.

At WTR, total manpower requirements are increased in program years

1983 and 1984 from zero to 126 and zero to 73 people respectively

for a net increase of 199 man years.



11.3.2 Pre 10C Operations

11.3.2.1 Activation and Verification Operations for ETR and WTR

The schedule summarizing the activation and verification operations for ETR and

WTR is presented in Figure 11.3.2-1. This option includes parallel operations at both

launch sites.

Eastern Test Range

_e activation of the ETR will begin 36 months prior to the IOC date. The

activation of ETR is scheduled to provide for the flight test program. During

the first 20 months, the site configuration will be activated. In the 21st to

the 2hth months of site activation, the facilities and equipment will be verified

utilizing the Space Tug simulator and the Shuttle/Tug interface simulator.

The final ETR verification and certification will be completed from the 25th

through the 36th month. These activities will utilize the flight test a_tic!e(s).

The personnel utilized during this phase of the program will establish, revise,

and finalize the procedures and plans for the operational phase of the program.

These personnel will form the nucleus of the ETR operational crew.

Western Test Range

The activation of WTR will begin 2_ months prior to the WTR IOC date. During the

first twenty months, personnel will activate the facilities and equipment. During

the final four months, the personnel will review, revise, and finalize procedures

and plans for the operational phase of the program. A considerable amount of

close coordination between the ETR and WTR activities will be maintained through-

out these 2& months to insure all identified revisions at ETR are considered at

WTR.

The personnel performing the activation and verification of WTR will form the

nucleus of the operation's crew for the operational phase of the program. An

approximate four month lag time between the ETR and the WTR operations is

anticipated.

/
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Flight Tests

The first produced Tug will be equipped with special flight test instrumentation

and equipment in support of the following objectives:

a. Propellant settling.

b. Propellant utilization.

c. Propellant feedline and engine thermal conditioning.

d. Engine low pressure ignition.

e. Zero-g heat transfer.

f. Avionics cold plate temperature stabilization.

g. Vibration levels of selected critical installations.

Information will be obtained from this instrumentation during the first two

flights flown by this Tug. The flights will carry spacecraft for orbital place-

ment in the event NASA is the procuring agency. These flights are dedicated test

flights, however, for a DOD procured program.

Disposition of Flight Test Vehicle

Following termination of the second flight (NASA program), the flight test instru-

mentation and equipment will be removed and the Tug processed through a normal

turnaround cycle. This Tug will then continue normal operations within the fleet.

In a DOD program, data from the flight tests are a part of the total data con-

sidered by the DSARC. During this review, this Tug will continue to fly, carrying

spacecraft for orbital placement, until such time as inclusion in the fleet is

ordered. At this time, the instrumentation and equipment will be removed and

the TUG processed through a normal turnaround cycle.

Supportive Timelines

Figure 11.3.2-2 is the schedule for this flight test operation, Figure 11.3.2-3

depicts instrumentation removal time requirements and turnaround cycle time

lines can be found in Section 11.3.6.

@
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ii. 3._ T<,!_ Lewl Functional Flows

Top level functional flows for ETR and WTRiare presented in t!_e form of

su_r_ary time lines i_ Figures ii.3.3-1 and 11.3.3-2. The supporting flow

d/ago'ares are pc?_ented in Figure 11.3.3-3 and Ii.3._-4.
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,.I] .3.); 'lhlgOperation.- Sen,_itivitics to Tug Configuratior,,*>

Each Tug option configuration _,*asassessed with respect to

A. T_rnarou_,d ti_e

B. Manpower

C. GSE

D. Depot maintenance

E. Facilities

for the following Tug configuration differences

A. Retrieval vs. no-retrieval

B. Mono-propellant vs bi-propellant

C. Cold helium vs ambient helium pressurization

D. Fuel cells vs batteries

E. NASA security vs D0D security

F. Kick stage vs no kick stage

G. EnGine configuration

H. On-orb_ t time

I. Autono_ level

J. Abort requirements

Results of these sensitivity analyses are summarized as follows:

Turnaround Time

%_e key drivers in Tug ground turnaround time sensitivity to Tug

configurations are: •'" -_'

A. Retrieval vs no retrieval

B. Monopropellant vs bi-propellant

C. Kick stage vs no kick stage

Retrieval, bipropellant, and kick stage ground operations increase ground

turnaround by 5 hours, 15 hours, and 1 hour respectively.

Manpower

The configurations which influence manpower are as follows:

A. Cold helium pressurization operations increase the mandatory required

n_npower by four people

B. Fuel cell operations increase mandatory required manpower by six

people.

tl_)f.



C. DOD nccurity requirements increase the maximum required manpow(:r

by two people.

D. Kick stage operations increase the m_immn required manpower by

six people.

C.9E

The key drivers _u GSE sensitivity to Tug configurations are as follows:

A. Retri,,:va! operations requires spacecraft/Tug demating GSE at the PPF

and TPI:'.

B. Bi-propellants require bi-propel]ant handling and storage GSE at the

storable propellant facility.

C. Cold helium operations adds maintenance and refurbishment GSE at the

MCF and servicing C_E at the launch pad.

D. _Mel cell operations add maintenance amd refurbishment GSE at the

MCF and servicing CSE at the launch pad.

E. DOD security requires COM_SEC checkout GSE at the PPF and an inter-

facility security transport vehicle for Tugs which fly classified

payloads.

F. Kick stage operations add additional kick stage/Tug integration GSE

at--the I'PF or TPF.

Depot M-t5 ntensncf-

The configurations which influence depot maintenance are:

A. Monopropellant APCS requires the replacement of 12 sets of aft

firing thrusters.

Categol_ 2A EL-10 engine requires 12 engine overhauls.

Category I RL-10 engine requires 18 engine overhauls.

Facilities

Facilities are relatively insensitive to Tug configurations with exception

to kick stage missions which require an ordnance facility for kick stage

storage and assembly.
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ii.3._ Operations Constrained by the Orbiter

The Tug _erations which are constrained by the Orbiter for Option 2 au'e l__stec

below according to their corresponding Functional Breakdown Number. These

operations are time constrained in order to not interfere with the Orbiter

ground turnaround schedule.

W

F.B .N

2.3

2._

3.1

3.2

TUG OPERATIONS CONSTRAINED BY THE ORBITER

TUG/SItlFfTI_ MATE

2.3.7 Payload Installation MCF

2.3.9 Verify P_yload-To-Shuttle Interfaces

COUNTDOWN

2.4.i Orblter/Payload Integrated System Test

2.4.ia Monitor Storable ACP8

2.h.2a Tug Service at Pad

2.&.2b Tug Service at Pad (Non-Cryo)

2.h.3 Tug Service at Pad (Cryo's)

2.4.3a Tug Service at Pad (Cryo's)

2.4.h Final Checks at Pad

2.4.5 Remove Payload (Pad)

2.h.6 Payload Installation or Removal Preps (Pad)

2.4.7 Payload Installation (Pad)

SAFE AND SECURE

3.1.1 Tug Ground Sa_ing at Safing Area

3.1.1a Tug Ground Safing at Safing Area

SHIFFrLE/TUG DEMATE

3.2.3

3.2.5

3.2.6b

3.2.7

Recover at MCF

Recover Tug and S/C at MCF

Recover FSE (Cabin) Equipment (COMSEC)

Recover FSE (Payload Bay) Equipment



_] .3._ th'ound %_rnaroundOl)e1"ationsDescriptions and Time2ines

'h_e oper:tt!onal timellnes for E'I_ and WTR as summarized in section 11.3.3 _tere

de_ee.]ol)ed using the methodolog/_ described in section 11.3.1 and are pre-

:;ented in the pages _ollowing section 11.3.7.

f_:__;n example of how the decisions were made for wh_re certain functions are

l_;it'('oimled,tra_e study sheets on Tug/Shuttle Demote and On Pad vs Off Pad

Inct_Lllstion sre inserted after _he timelines. These sheets also provide the

response to action items 98 Land 139.

i[.5.7 Task Description Sheets ,

'iSledet_Tled timelines of section 11.3.6 consist of several hundred separate

te_!_-'. Lath of thence tasks, in turn, is described by a separate Task Descrip-

tion Sh-:et. Bet:_u_se of the volume of these sheets, they are not p_esented here

Lut rather are i_cluded in appendix II.IO-D. Also included in ap1_endix D is

&i_; has _line t_me line (which includes all operations for all options) fro_1

w_i _h the specific option time line was developed.
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TUG/SHUTTLE DEMATE AT SAFING AREA

VERSUS SHUTTLE MCF

(ACTION ITEM 98)

MDAC Approach

Review of the functional timelines (3.2.3 versus 3.2.2) indicates that the Tug

vehicle can realize a seven hour savings by removal at the safing area versus

the Shuttle MCF.

MDAC Positiam

Recover returning payload_at safing area if payload/Shuttle integrations occurs

at the launch pad instead of at the Shuttle maintenance and checkout facility.

Rat ion ale

If pa_load/Shuttle integration occurs at the launch pad a substantial savings

in Shuttle/Tug GSE can be affected since

i) Shuttle/Tug integration and checkout GSE is no longer required

at the MCF and equivalent GSE located at the launch pad will be

utilized for on pad installation and post installation checks.

2) Shuttle/Tug demate GSE is no longer required at the MCF and Shuttle

provided demate GSE at the safing area will be utilized.

Recovery at the Safing Area is no more or less complex, requires no more or less

equipment, and requires no more or less men than recovery at the Shuttle MCF.

Reduction of Tug turnaround time by seven hours if Tug/Shuttle demate is accam-

plished at the Safing Area has no effect on the Tug program active fleet size

or ground crew size. Since neither active fleet nor ground crew size is affected,

the seven hours saved provides program planners with a seven hour pad with which

to account for potential variances in the actual ground operations task times.



Impacts

The Shuttle ground flow viii require change to show this approach, however,

since the Shuttle is providing for the capability (reference data package,

page 50, paragraph B.2) there will be no inpacts to the Shuttle program or

planned facilities.
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o_ PAD V_SUS OFF PAD I_STALLA_ON

(ACTION ITEM 139)

MDAC Approach

Tug/Shuttle mating is currently basellned to occur at the Shuttle maintenance

and checkout facility 14h hours prior to launch. After installation has been

completed, however, the Tug is essentially inaccessible until, after orbiter

erection and mating with the external tank, the Shuttle is transported to the

launch pad 88 hours later. If, however, the Tug/Shuttle mating is performed at

the launch pad, the Tug turnaround schedule can be shortened by II shifts.

Compression of Tug turnaround has no effect on ground crew size which is primarily

dependent on annual launch rates, however, the active fleet size can be reduced

as the turnaround time is shortened. If the Tug production fleet size can be

reduced (affective substantial savings), on-pad installation is highly desirable.

_._3AC Position

0n-pad installation is highly desirable for Tug options I and 2 since production

fleet size can be reduced by one Tug from I0 to 9 and 9 to 8 respectively.

Rationale

The Tug production fleet size is based on equal usage of each Tug and the number

of Tugs required during the last program year. Additionally during the last pro-

gram year, for each Tug option one Tug es expended during the middle of the year

which has the effect of reducing the flight capability of one Tug by 50%.

Figure i illustrates

a) Tug active fleet size requirements for MCF and on pad inztallation versus

annual launch rate.

b) the launch rate spectrum for each Tug option

c) identification of launch rate and required number of Tugs during the last

program year for each Tug option.

/



Table 1 indicates launch rate and number of Tugs required during the last

program year for each Tug option.

TUG 0PTI0_ LAUNCH _TE _0. OF TUG8

1

2

3I

3F

2O

35

36

ho

3

5

By comparing Table i with Figure i, it can be seen that for options 1 and 2,

during the last program year, the active fleet and therefore the production fleet

size can be reduced by one Tug.

The production fleet size for Tug Option 3 is however not sensitive to a turn-

around compression of ii shifts and the time and location of Tug/Shuttle mating has

no effect on the number of production Tugs required to satisfy program needs.

Impact

In addition to eliminating the requirement for on Tug in Options i and 2 (and the

accompanying cost savings) additional substantial savings can be accomplished if

installation occurs at the launch pad by eliminating the requirement for Tug/

Shuttle GSE at the MCF. (Refer to Tug/Shuttle Demate and Safing Area versus

Shuttle MCF.)
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Ii.3.8 Manning Requirements ",'

Total m-npow_r requirements and skill mix as ETR and WTR are shown in --

Figure 11.3.8-1 and 11.3.8-2. The year to year variation in manpower is dlreatly

a function of the number of tu_s flown in the mission model. The effect of a

2 yezr IOC delay is pre_ented in Figure 11.3.8-3 and ii.3.8-h. Clearly this

shortens the operational lifetime and reduces the total manpower expenditure.

Howeve?, on a year to year basis there is no measureable effect.
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ii._ Lo,_istics

The _DAC Space Tug Logistics Concept incorporates the Spares, Transportation

and Handling, Training and Inventory Control and Warehousing functions.

lb.

The maintainability analyses have addressed unscheduled maintenance in terms of

spares requirements. This applies risk of failure analysis methods to predic-

tion of spares requirements and maintenance manhours. The results of the

analyses are summarized herein. It will be noted that several candidate

configurations have the same predicted performance although there are differ-

ences in subsystem equipment. This results from several considerations. These

include the gross state of descriptions that do not permit differentiation in

parts counts or complexity of sc_e components; all engines are considered to

require the same unscheduled maintenance although there are differences in

scheduled maintenance; and rounding off at a reasonable decimal value. All

predictions were made by the same methods, thus assuring that the data presents

the proper range of relative performance for purposes of preferential evaluation

and ranking with regard to unscheduled maintenance.

Spare parts costs estimates were introduced into the cost model in terms of

initial spares and depot maintenance, measured in terms of equivalent units

of production subsystem hardware costs. The initial spares support repair

of any failure present in a returning Tug for the first five flights. The

estimates for subsystems assumed at least one of each replaceable item plus

several additional parts for those items having a high failure risk and a

long flow for depot overhaul, The initial stock is a function of flight

frequency, depot flow time and desired probability of sufficient stock for

any contingency. Depot maintenance costs are based on failure rate, estimated

repair level (percent of component replaced) and percent of part cost to

handle the cost of the repair cycle. An example of the method of calculation

is provided in Appendix C.



Tr_n._;_,ortation and Handling

This function considers the following areas of hardware movement:

o Intrafacility operations at MDAC during manufacturing and refurbishment

o Delivery of new Tugs to KSC and WTR

o Rotable spares between launch sites and factory/depot area

o Switching of individual Tugs between KSC and WTR

o Intrafacility operations at KSC and WTR

o KSC/WTR to and from Shuttle alternate landing site

The primary mode of transportation between MDAC and KSC/WTR will be by "Guppy"

type aircraft when delivering new Tugs or when switching operational Tugs

between KSC and WTR. Movement of Tug hardware (other than a complete Tug)

will be accomplished via appropriate land and air modes as dictated by specific

program requirements.

The selection of preservation methods, packaging levels, and protective handling

shall be based on analysis of natural and induced environments to which the hard-

ware will be subjected during its life cycle. Major emphasis shell be placed on

minimizing damage from environmental hazards encountered during storage, handling

and transportation. Special attention shall be given to parts procedures to

insure that program critical hardware items are given preferential treatment

throughout the manufacturing and logistics pipeline. Selection of preservation

methods, packaging design, and level of protection shall provide a reasonable

balance between cost and performance.

Training

The training concept for the Tug Program is based on the premise that training

will be required for all ground personnel (customer and contractor) and that

personnel assigned to the Tug Program will already be skilled in their respective

specialties; therefore, training requirements will be limited to the adaptation

of their respective skills to Tug hardware and ground operations.

Training will be conducted at the manufacturer's location and at KSC and WTR.

There will be no requirement for simulators and dedicated training equipment.

Test and flight hardware, augmented by audio/visual aids will be used. No

special training facilities requirements are planned.

I/-/?c



Inventory _ontrol and Warehousing

The material control function includes the receiving, shipping, issue, repair,

inventory control and storage of spares, repair parts, and special test equipment

(Contractor Furnished Equipment [CFE] and Government Furnished Equipment [GFE])

located at either the MDAC manufacturing facility or at the KSC/WTR launch sites.

The MDAC concept considers the contractor and user's responsibilities from

acquisition through the operational phase for property control and account-

ability of CFE and GFE being utilized to support the program. The contractor

shall be responsible for controlling stock levels, issues, and maintaining

inventory and property records of all material. The contractor shall maintain

such records on GFE for the purpose of receipt control by requisition number

and contract number. The contractor shall perform follow-up action in accord-

ance with customer requirements. GFE spare end items furnished for the Contractor's

Program shall not be-co-mingled with GFE furnished for production installation.

Progressively, usage data shall be cc_piled during the Contractor Support

Program for systematic and timely support review to determine future procure-

ment and stock replenishment. Accurate reporting of transactions and end

use of hardware is the most important aspect of usage data.

CFE and GFE shall be stored under bonded warehouse concept, utilizing good

housekeeping practices. Special emphasis is placed on control, security, and

protection of material. Items furnished for support of this program shall

not be co-mingled in storage with items of any other program, contract, or

project. Items shall be stored in an arrangement that will facilitate stock

control and inventory. The Armed Service Procurement Regulations (ASPR) and

NASA Procurement Regulations contain the basic requirements for management and

control of GFE in possession of a contractor. MDAC will handle CFE in the same

manner prescribed for GFE and will assure that its subcontractors handle GFE

on this program in accordance with the aforementioned government requirements.

MDAC, together with NASA/DOD will schedule two transition conferences; a planning

conference and a final conference. At these conferences, the NASA/DOD and _._AC

will review and evaluate the experience encountered throughout the Contractor

Support Program, determine and initiate action to satisfy any deficiencies,

and provide for an orderly transfer of assets to the government or operational

contractor.

/i-f77



6.11.4.1 Spares

The spares planning analysis has developed a spares list to level 8 and a

subsystem overhaul cost, The detail data are presented in Appendix C

along with a description of the cal_ulation methods used. The Tug

maintainability analysis process is illustrated in Figure ll._-l.

The spares planning data are primarily directed at developing a viable

life cycle cost prediction. The list of potential spares was developed

for two levels. The subsystems were analyzed to establish a repair policy

that would be possible with the expected support equipment and test facili-

ties. The repair policy_rrovid_d a list of llne replaceable units (LRUs)

for Tug repair and refurbishment. LThese LRUs were in turn subdivided into

subassemblies to provide a parts list to level 8. Reliability failure

rates were allocated to the subassembly level and component and subassembly

expected failures were calculated _sing flight time plus eXpected preflight

ground operation time. An additional anomaly multiplication factor was

applied to represent the number of items that may need to be changed or

adjusted for each failure that actually occurs in a completely checked

out, flight ready, system.

The expected failures value provided the basis for calculating spares and

overhaul support. Poisson tables were used to determine quantities of

initial and operational spares. Initial spares were selected in a quantity

to provide an 0.90 probability of no LRU stock depletion for 5 flights.

Operational spares were selected to assure at least one subassembly for

repair of the LRU and additional quantitites as required to assure an 0.995

probability of sufficient stock to repair and refurbish LRUs with a

level II maintenance flow rate based on 5 flights.

Dei_t spares estimates are based on equivalent subsystems required as a

bottom up prediction, whose individual item depot costs are based on a

30% refurbishment cost for the expected failures for the total number of

Tug missions.

The mathematics for the calculations are shown in Appendix C.
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11.4.2 Training

Introduction. A comprehensive training program on the Tug subsystem

and its associated support equipment will be provided to assure the availability

of trained and qualified personnel •required to produce, assemble, check out and

deliver the tug and its associated support equipment and to support the test and

operational flights.

During the Saturn S-IVBand OWS programs, MDAC participated in a compre-

henslve task-oriented classroom trainingprogram; making maximum use of

engineering mockup, models, and simulation devices to develop and maintain

personnel skills. Each course was tailoredto meet specific NASA requirements

and stressed man-rating and safety. These programs proved extremely successful

as evidenced by these programs' achievements. The same policies and criteria

will be utilized in the development of the Tug training program.

Training services for NASA, DOD & MDAC employes (technicians, engineers,

inspectors, test flight personnel, etc.) will be

provided by a centralized training group. This group will be staffed with

experienced systemtraining instructors organized and managed to meet NASA,

DOD and contractor employe training requirements. These instructors partici-

pate in the development of training requirements, development of Systam

Training Plan, and conduct training.

Objectives. The objectives of the Tug Training Program are:

(i) Identify and develop training requirements for courses in a timely manner

to permit the orderly development and implementation of training; (2) Develop

and implement training courses to ensure the availability of qualified

personnel and skills required for the performance of assigned tasks; (3) Provide

9uantitative and qualitative needs for trained personnel that satisfy program

/i-/f o



B

schedule requirements; and (_) Provide training services _or customer and

contractor personnel in support of their Tug system requirements.

Aunroach. Training services for NASA, DOD, MDAC employee (technicians,

inspectors, test engineers, etc.) and flight supportpersonnel shall be pro-

vided by a centralized training function. Cost control objectives shall be

achieved by use of innovative training concepts developed for otherNASA and

military training programs as follows:

o Centralized training management permitting instructor participation

during the Training Requirements Analysis. Development of the

Training Plan and the dual utilization of instructor for the conduct

of both customer and employe training programs, being responsive to

schedule requirements of both.

o Making maximum use of engineering development mockups, models and

test and flight articles for training; thus eliminating the development

and production costs of special training devices.

o Identify the appropriate Audio Visual Media for application to

classroom, OJT, and follow-up training as the system is developed.

o Maintain a current catalog of Employe Training courses, complete with

schedules, permitting the customer to psxticipateas desired.

Program quality, quality of personnel, and cost objectives will be achieved

by the implementation of these concepts. The planning and control function

is a key element for the smooth integration of NASA, DOD and

MDAC Tug System Training Requirements

Training Requirements. Training Requirements Analysis for customer and

MDAC personnel will be concurrent with the Design, Development and Production

Planning. The analysis encompasses all areas of Job/tasks function, i.e.,

/l-



uroduction skills, quality aB_urance, test engineers, insi,_ctors, etc., and

is conducted in the following steps; population group identification, Job/task
_i

definition, and the identification of technical material required for use by

each population group. The analysis determines the requirements for both class-

room and other types of instruction for personnel. All MDAC training records

will be processed and maintained. Figure ll.b.2-1 illustrates the interrelation-

mhips, identifies the products and services provided, and the sequence of

development and implementation. Special training requirements imposed by

the customer are are developed, scheduled and conducted in the same

manner as for b©AC personnel. Table 11.4.2-1 lists Tug training categories that are

applicable for NASA and DOD personnel.

Table ll.b.2-1

NASA/DOD Training Courses

Type of Course

Briefings

Familiarization

Subsystems, Design

Description

Introduction to the Tug program to include

ground equipment. Serves as an intro-

duction to individual systems briefings

and more detailed instruction.

l_rt_o_u_m_tt _e_t_ f_oa_c _ i_luding

description of subsystems, major units

and functions.

Detail analysis of design requirements,

functional and operational. Parameter

of subsystem and its supporting ground

equipment.

Population

Groups

NASA & DOD

management

personnel &

program planners

Technical super-

vision & flight

personnel

Project System

Engineering, Ops

engineering,

launch support

J

MDAC training requirements analyses are concurrent with the development

of Systems Requirements and Support Requirements.
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Student population groups are identified, Job/task d_Pi(_itlons developed,

skill levels determined to accomplish task and the identification of technical

materials required for use of each population group. The analysis determines

the requirements for both classroom and other methods of instruction for _AC

personnel. Table 11.4.2-2 identifies employee population groups requiring training

and a brief description of the type of Instructions provided.

Table ii.h.2-2

Development & Production Training Programs/Courses

Employe Population

Groups

Safety

Inspection and

non-destructive

testing

System and support

equipment

Transportation and

handling

Maintenance

Material processes

Assembly processes

Test equipment

operation

Description

Identification of hazards and potential hazards to

personnel and equipment, and methods of accident

prevention.

Work-oriented instruction on techniques and procedures

on testing, inspection, and operation of specialized

equipment for quality assurance personnel.

All levels of instruction describing theory and

function of operational end items, systems, sub-

systems, and support equipment.

Describe operation of eaulpment--both static and

mobile--used to handle, transport or position

hardware.

Detailed task-orlented instruction in maintenance,

servicing, overhaul, and repair of equipment.

Skill development in critical manuf2cturing process,

i.e., metals, chemicals, bending, compounds, welding,

etc.

Skill development in critical manufacturing process,

i.e., metals, chemicals, bending, compounds, welding,

etc.

Task-oriented instruction on oneratlon and application

of standard and snecial test equipment.



V _

The result of the training requirements analysis is documented and

included in the training plan. The updating of the requirements is continuous

and incorporated into each revision of the Training Plan.

Tug System Training Plan. Development of a Tug System

Training Plan shall be initiated at ATP and be concurrent with the Training

Requirements Analysis. The Training Requirements Analysis is the basis for

identifying courses to be conducted for NASA, DOD, and

_,DAC employes. The plan identifies methods and procedures for each course,

course objectives, and identifies equipment required to support the course;

it includes course outlines, descriptions, manpower requirements, evaluation

criteria and contains a schedule for each course identifying the location of

presentation so customer personnel may participate, as desired. This curriculum includ_

general purpose courses to provide personnel with brief general descriptions

and functions of the Tug system, plus Job-oriented courses for student popu-

lation groups identified in the Training RequiremLents Analysis. The plan

shall identify any special courses for customer personnel

required for a smooth transition from DDT&E to Operations. The training plan

is a working document for training implementation and becomes the framework

for annual planning of training operations. Adjustments are made to the plan

as program requirements are altered, and an annual updated submittal shall be _-

made through the first manned orbital flight.

Production Skills Tralnin_. Processes involving vocational skills

training are identified in the Detail Process Standards (DPS) or Detail Process

Instructions (DPI) prepared by Material Methods and Research Engineering (_4&RE),

and training is conducted in accordance with these instructions. Upon completion



uf vocat_o::al skills courses, students are required to dezonstrate skill

proficiency by manual and writtenexaminations, and are certified as required

by QA. Apprenticeship and/or learner programs, where applicable, are developed,

conducted and administered by Training in accordance with Federal and State

regulations.

Ouality Assurance Training. Courses designed for Quality Assurance

personnel stress the inspectiontechnlques and quality requirements in addition

to manipulative or manual skills. Quality control is an integral part of all

skills training programs. The contribution of each individual's work to the

success of the program is constantly emphasized.

Safety Training. Personnel and system safety is stressed in all

training courses. The Safety Department and/or the Safety Manual may indicate

areas for special concentration. These special safety training programs are

established and conducted for identified employes or departments after course

approval by the Safety Department.

Technical Training. Technical training is accomplished by various

methods, conducted by the training organization, performed by experts from

the operating department involved (with guidance and assistance from the

Training Department), or programmed with self-taught instructional media.

Whatever methods used are coordinated and approved by the Training Department

prior to the conducting of the course.

Technical orientation is initiated _ early in the program to orient newly

assigned personnel on the Tug Program, provides a general description of

the Tug sysZem, system function, and Shuttle interface information, and is

planned to be approximately four classroom hours. The technical content will

be maintained at a level consistent with the instructional objective of

7
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providing management, and i_ewly assigned personnel, with a brief but compren

henslve overview of the Tug Program

Familiarization training courses are developed for presentation to

Engineering, Technical, Manufacturing, Checkout, and Quality Assurance personnel

as soon as deslgh concepts are established to provide thorough familiarity

with all aspects of the Tug system, supporting equipment and operation. The

technical content will be maintained at a level consistent with the instruc-

tlonal objective of providing technical personnel with a working knowledge of

the Tug and its supporting equipment, and is planned for approximately eighteen

classroom hours.

The identification and depth of maintenance training courses result from

Support Requirements ANalysis (SRA). The results of the SRA will culminate in

the identification of maintenance training requirements, and courses will be

designed to support all levels of maintenance. Instruction in detailed system

operation, trouble-shooting and repair techniques provide the skills required

to meet scheduled turn-around requirements, cost, and loading effect on equip-

ment and facilities. Course outlines and descriptions will be developed and

documented in the Training Plan.

MDAC personnel involved in test flight operations are provided detailed

instructions on the Tug system and its support equipment in terms of trouble-

shooting, on-line repair, test and launch operations. The level of instruction

provided is identified in the Training Requirements Analysis and documented in

the training plan. Special course are developed and documented for technical

personnel, and the implementation is consistent with the program schedule.

NASA, DOD and Launch contractor personnel are invited to attend these courses

to partially fulfill the operational training requirement for transition to

the operational phase.



The initial cadre of personnel for the operational ph-___. will participaSe

in test flight training, test flight launches, and be prepared to support the

operational launches. Additional launch teams assigned to meet the projected

launch schedule will receive the same instruction as flight test personnel, and

all crews will require refresher training periodically to maintain their launch

capability and proficiency.

Maximum use of engineering mockups, models, etc. shall

be made to enhance the instructional program for the development and maintenance

of personal skills required to assemble, check out, test and launch the Tug

system. Instructional devices are production hardware, wherever practical, and

rejected parts, components or test items are utilized when they do not detract

from the training objectives.

Tools and machines required for vocational training are the same as used

in production areas, and applicable training will be accomplished on equipment

in the production area, where possible. Documentation of vocational training

courses will be accomplished in accordance with established standards.

Instructional Documentation. The Tug system documentation is utilized

for task-oriented instructions when it is determined to be suitable for

instructional purposes. When system documentation is not suitable or available

for instruction, special training documentation shall be developed, such as

operational and functional diagrams, descriptions and interface information.

The preparation of Tug training manuals is initiated at system PDR, making

.maximum use for existing documentation, and includes system and subsyst_

descriptions, functional diagrams and visuals to enhance the learning process.

The manuals are prepared, published and used to fulfill the training require-

9
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ments of o _rat_onal training and are turned over to the customer at the

completion of test flight operations.

In_$_uctional Media. Instructional media used varies according to

the subject and training objectives. Basic technique used is oral presenta-

tion, demonstration, application, examination, review and/or critique. Instruc-

tion is supported by video tape, overhead transparencies, slides and movies.

As a supplement to the tri-level Tug classroom training,

video tape oresentations and demonstrations will be

develoned for tasks and subjects where such supplement is indicated by the

training requirements analysis. Video tape is particularly effective as an

instructional aid in bringing the production areas into the classroom for

vocational skills training.

Video casettes, chosen for ease of operation consistent with high image

quality, will be produced by MDAC personnel experienced in telecommunications

production on the Safeguard and Skylab programs. These video casettes can be

easily updated to include program or design changes, and will provide readily

accessible refresher material for NASA, DOD and launch contractor personnel

after initial training•

Training Program Implementation. The basic method of instruction'

shall be the traditional standup technique of classroom instruction using

charts, transparencies, chalkboard, etc., and augmented by special audio-visual

techniques when they enhance the training or are cost-effective.

Tri-Level Trainin_ Concept• A tri-level approach is planned for

implementing the Tug training Program. This approach enables each employe to

receive only that instruction relevant to his Job assignment. This approach

reduces the number of student classroom hours by not subjecting him to "nice-

to-know" but irrelevant information. MDAC shall conduct all courses using the

tri-level approach. Figure 11.4.2-2 illustrates this concept, and a brief description

of each level of presentation is provided in the following paragraphs_ /_

tt-tg 
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" Level One - Orientation. The orientation cour__es will introduce

the Shuttle Program, the Tug vehicle and its associated support equipment to

all program personnel as _they a_e/assigned, and provi'de them with general

descriptions and functions of the systems to be utilized on the Tug program.

Technical content of the course will be maintained at a level consistent with

the objective of providing management, planners,, and newly assigned personnel

with a comprehensive but brief overview of the Tug program.

Level Two - Familiarization. Familiarization courses provide a

brief overview of the Shuttle program, and expand upon the Tug

system, system support equipment, manufacturing and checkout operations,

culminating in factory checkout, assembly and test flight operations. These

courses are the basis upon which specialized training for particular task areas

are founded.

Level Three - SDecialized. These courses will be designed to

provide a brief overview of the Tug Program and detailed theory, operations,

and maintenance functions associated with specialized tasks on the Tug vehicle.

support equipment, assembly, test and launch.

Summary. MDAC is responsive to the Tug 'Program requirements by

providing a training staff of experienced training specialists to partlcIpate

in the definition of Tug system trai:_ing requirements, developi_ a training

plan, and conducting training. The preparation and conduction of training

shall be time-phased to provide qualified personnel, economically managed to

control program cost, and flexible enough to meet all program requirements.

A representative manpower build-up is shown in Figure ii.4.2-3. . ..



Program Option 1

11.4.5 Transportation and Handling

- In rod t!on•

The Spare Tug., its subsystems assemblies and components will be moved a

considerable nunber of times during their program life by a variety of trans-

portation and handling vehicles andequipment. During these movements, the

Tug vehicles/equipments are subjected to stresses and loads which may vary

from those experienced in a mission environment. The Tug design criteria will

be based on flight loads; therefore the transportation and handling loads must

be predicted during design and, where necessary, reduced to assure that

structural damage does not occur during Tug transportation and after .ground

operations. The methods and procedure necessary for protection of the Tug

hardware elements during vehicle assembly, testing, transportation and storage

are developed as a result of the transportability�transportation analyses.

_" |_c ._ulc_ti.o:_of plc_ervaltion medlod5, l)ack;,.ginglevels, and protective

h_dlin_.- will be: b.L_ed on ;umlysis of natural _ud induced environments

to '..'},_.c,_[i_c l,:_r_;:,arc'willbe :;ubject,'ddurin? its life cycle. ,_kLjol"

empu_v;is si_:_libc I)laccd on minimiziug (huunge fro::,cnvirolmlcnta[ hazarus

cucc_,utcrud (iurix1,_;storage, handling ;rod transl:ol'tation. Special attention

si_alI be _,.ixcl,to i)a:'tsprotection procedures MIIAC will follow to ensure tilat

prog,'am critical hardware items are givo,t,profc_renti_Ll trc;ttment _roughout

the _n;uul[acturin_:and logistics pipeline.



As& matter of policy, transportation and handling planning will incorporate

t.he following guidelines and assumptions:

n. Us_ o[ existil_g, l'ath_r than design of net¢ tr_uisportal;ion aiid

h;ind[iilg cqUil)illent_ ;vhcre In'nlztical. u

h. liarly identification of any Tug Program l,eculTun • trmlspurtability

COILS {r;i [ll{S,

c, _bximum utilization el: state-of-tile-art i_;ickaging]mltcrials,

i:_thods, and de_{gns, v;nere practie:,l.

d. Special pl'otcctiw m,;_,.<:urc:s for Progr_:,l cv{tical hardware.

O. [illp.tel.:cnL':ltioii of iiiic!,,rlitCd p:;t'kil,,in!!, liinldLinl_., iuid tr;iilS-

fQ

gQ

p_)rt_ltion [lillCl;[Oli:i outLillC'ci in iJ_,l'l;-!-71'])-3;l_ l;o. I.hc: illxil;,ii.1 extuilt

• • • 1 ii •
ilossi.bl(" t:_.tlllll COS r e[t'OCti\'4.'. !jill,..., I.i.l_f::;

Preferential consideration of air transportation, but use

of other modes wilere more effective or l_ractical.

Appropriate safety provisions for dmlgerous or hazardous

Transportability

Some of the Tug Program item (assc||_olies, subassc,nblies, GSE and

spares may be oversize environmental s.c,.siLive or hazardott_ relevant

to i,)lim:l tr;ul';polr.al;ion modes. "|'llor_[ol'o,

a transportability analyses shall be performed to ensure that

the Tug vehicle hardware, GSB and their shipp'.rngcontainers/fix'cures are

deSil;l_cd "l'or eft'.{cicnt i;rui(S'liOi"cation. 'l'rlinsllort:il)iti.t) • analyses arc

provided t.u define hardware constraints re¢luircd to select tr;,islwrt and

haJidl.in?, c<!t, ipJ_,'_nt and_primer)' :rod alternate 1110¢17S O.I" tr;_nSl)ortati.on.

"Die basle i:;tsksthat are accomplished .in the t'fanslx)rtabilitY cr,gJi.lueri.lig

Process are as follows:

o

a. Identify potential transportability problem areas and define the

nJture of ti_c constraints (oversize, environmentally

sens.itivo el" dangerous).

b. Perform transportability analyses to determine trans-

l)ortatiOi_ impact on imrdware design and pret'erred methods

for transporting problem items ....

/,'--,"?i,"



c. l'rcparc trnnsp.ortabJl_ty reports ['or problem areas. The -"

reports will provide the following data:

1. Detailed ciml'actcristics of. l)roblcm items (size,

_,,ei_,i_t, C.(,. cnviron_L:cni:al scnsktivi.ty, h;:zardous,

etc.)

2 .Special p,tckaL, ing, handling mtd transportation rc-

qu i rel;len ts.

5. II:u_dling, loading aml tic-do:¢n lncthods and config-

tLration for proi)os_d trans-ortation nlethods.

d. l_2vclop transportation data for Sl.,ccial items (as required).

e. Investigate capabilities and limitations of available cquipmcnt

and sc_icc of the candidate modes of transportation at origin

_li',<ldestin_ttion.

f. l,:alu_tc transport .limitations at m_J:uf_ictu,-in._,a_sc_,ibly,m_d test

_. [n\'cstig::te existing handling m!_l trl!nsportation eqtlipmcnt

inventories t'or pos:;iblc use on the Tug Program,

h. l'vovidc il;I;',¢_ltli_{ _llld tl'Oll';[)Ol'ta1"i.o:! ])['I._CC(ILII't_.S 3[!_.I in:_trtnctkons

dctini,lg mcLilods (}[ .toauing, ofJ:-toadi.ng, securing _uld handling

problem [te,ls rot shil)_cnt.

i. Pl-cn, idc tral_.:,l,'ort_:bili.L/ J_lputs to ;;)-stenl ;lllJ C{[_ll[)lllL_llt S[_CCi-

ficatio.:;.

J. I\_fiue the _aLural and iaduccd o_vir,-_m_-,nts tlmt hardware will

Clio "Ollil tl2 ['.

k. L_cve,Lop tr:u,sportation and storage rqqulremcnts for hardware

in lo?,ist'_cs pipeline.

i. _cvelop roluirements criteria for the design of special trans-

port ::tioa equil)n_ent.

m. Conduct Lransportation tests for oversize items container

designs, as rcquired.

n. Provide transportability cngincerin_ support.to l)rogn:m for

shii)mcnt ami receipt of test items and mockups.

O. listabl'isl_ interface with Design Engineering, early in Program,

to r._inim_c tran:H)OL'tab_l.it >" censtrai_,ts.



Transportation and Handling

An overall transportation plan, including packaging, l_mld_ing_ trims; _L .

portability, transportation and storage , shrill be developed and implemente =

__/

as a part of the total system• approach for the movement and storage of Tug

hardware.

a.

Co

The purpose of the plan is as follows:

Fstub[ish an optim_un system for nz)ving mate ri=l, defining

tac system in suci_ dctaii that dm impact o1" .iadividual

clc:ncnts ou total system cost m_d perfomaltco ca_ l)e :malyzed.

rrovidc tccimical requirements mid achninkstrative proccdures

for implcmentilig safe m_d timely movement of nkateriet.

Provide management with sufficient visibility of tae packaging,

i_andliag and trm_sportation system to effectively control and

mzmagc its in,plemcatation.

Trmlsportation tasks x_ttici_ must be accomplished for dcvelppiag ,'rod

b_:plcr:enting _u_ ct'fcctivc plzm are as follo_'s:

a. Perform fcaskbklity and cost traoc-off studies in the areas of

i;_tcka_ing, cargo n_mdlin(J, tran:;portat.ton mid storage to

develop tho most cost-effective system for tilemovement of

Tug hardware.

b. Integrate trausportabi[ity data into trm_portation l)iamLing

activities.

c. l'rovJde ,'cute surveys for oversize itel_ts.

it. [UUlll_iL')" tllO ]tal'(h..';tru 5nipll:c|tt._ i9/ tlcstinatit}l% _uld volttl:le l_o_"

maximtun consulidation.

c. l:stab[isn trmlSl)ort:ttion flo:v l):tttcrns for tire dilT.fer_nt

ha l'_t_.:;t_'ecatcgu rics.

j_. k'" ;I"l...tCllll.I c BlOt,t feasible Lllld ct_OlltOfil[Ca],methods for .trallsl)urtiu_;

the variou:_ categories of m,ttcri:Ll ilx conson_,.ucc _'iti, program

sch,.'d_ilcs.

v

g. Identify the shipping docvJnentation used during shipment.
e

n. I"d_mtif)rtmique requirements for special transportation

equipnent and s_rvices for each shipmcnt.

i. Release. transportability reports reco,_ncnding preferred modes -_

f_ l_tential problem items.
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IdontiC), ft,nctioiial r.:_ponsibilities for in,plelnonting l_le

transpoi tntJoli tjlan.

Estab/ish traffic manago,ilont proccdurus for obtaining the

proper iulildlhlg and tralisportio!l equipincnt.

m

Provide procedures for obtaining route clearances and over-

wC[gtlt/d {iiiellsiolial pcriaits.

iistablish traffic m_uagcmont procedures fur controlling the

movement of i_ardwaro in transit.

Es tablish tirocodllres for interfacing mid coordinating witli

cu:_to._ r trmispoz'tation agencies.

[)cfil.lethe [k:par_nent of Trmlsportation, NASA, DOD and other federal

state _md local government rcgulatioils !lovonling the Tug.

packa};ing, trm_sportation and storage activities.

,_i,,m,go _ind coordinate all move:nears of i_en_7, bulky .Tu_l ......

c(.',)i)i)onents with otiler agencies m_d supervise vehicle lo;idillg/o['f-

luading activities.

Preservation, Packaging and Packing,

A systcm_ apl_rOaci_ shall bc implemented ['orpcrfonn_ng the activities

asso._i;:tcd :,ith the [n'otcction of Tug Vehicle hardware, spares, C_SE,

toolin.L,, mid tc_"t oqui[_i,r.'lltdl.irinl: inovciiic'nt and storage. Cuntralizcd

colltrol shall be i_l'ovJded to eliminate duplication o|.: tasLs and reduce

distributioi_ costs. Preservation methods, packn_in_ design, and level

of protection will provide rca<._onublo bal;ulce bet_'cen cost and poi'-

form;ulco. A description of the tasks follow:

a. ' Dii_ct all activities necc.'isaiy to develop end coordinate

progroi;i llresorvati_l, packaging, _id packin!;.

b. I)cvClo p _iitl dcS!gii in-plant alld lntra-plant iiandLin!l derides

_lnd ¢ontilincrs. :

c. /_'.'velop and i.,istio ul;lwiiigs for contoiners, tie-do_,ns, loading

;ilill il:;ilti[ [11'.: JllStl'ilCI;1.011:_, pilrtD llrotoctloll, _illtl ]iuz;.il'clOlis

ill.l 1:(.'.1"i ;1 [,

d. PlCl,:lic "l"l'ClJaratiuil t:or Oulivcry" Scctioil._ Of Si)ccilLc;rtion

(.]o;ltl o[, :;t,ill'CU (:oilr i'ol, diid l)m.; i.!',il PlOCtlrcl,iciltcra;.i'tll)_$.

,'. t;¢Ol,iiiv_t,2 .l)(1Ck(l'..'.Jil:,,_ li;illti[jlL_, tilltl tl','l:l:lllril'tcIti.oil I'l;ltt(21"$

,<ith C,l;I.,.i,,:'i'. /f"/_7
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II.

Develop _md maintain l'a_:ka.I:in}_,al_d Prcs.crvation suctions oF

Tra,lsportaEion Plml for the Tug Program.

Conduct traiaing coursesou packaging procedures for field

sLat i on In'eserva tion and l,ackaging personnel.

[k..vclofnnu issue matcr.ial and process si>eci(ications..

l.n_crCace u'ith I.bhttnlnab.ilily nn<, blaintenanco /blalysis for

dora[led preservation mid packaging requirements.

Prepare and releat;e in-plant packaging and hm_dling instructious.

,_lollitorstii)co:Itl'actortold vendor l)ack_ging activities.

Coordinate iiackaging designs and instructions wktll onginccri]_g

and ,>pcration.'_per_oluml.

ldcl_tif)" and provide special instructions for h:lndlint; , sMpment,

' " Iand etorage of program critical and ,lazaroots h:.,-rdv.,aresucit as

rocket motors. Release Special Protection itoas I,ist (SPIL)..

+_Jml)ze euvlronmental hazards encountered in hm_dt£n,g, trans-

l,ortilb:, had storing imrd:¢are in .|ogi'._ticspipeline.

[_evelop azld cosign lignt-:.,'ei.ghtcontainc,s for tli:4ht hardware,

fl>'-;::,'_)'kits, and test stq_i;ortu_luipmcnt.

Prepare a Stunage Plan defining levels of lU'OteCtion for temporaW

and iOllg tcrla storage.

l'reporc and release Special L)esign Pack:K.:ing dn,vhtgs (or

those i.r.cms l)resenting unu:;ual traasl-ortation and imildl.ing

prob toms"

Initiate Packaging, ttm_dling, and 'rransl3ort_ttion. Rccord (Pii'I:R)

for program, crit.ical and i_[gh cost it:cc_s.

l,'.e [case ins truct lOllS £o l" it:q) [el_lCllt illg NASA Zero--l):uaagcs-,on-

t>_.tivetv (ZIX)I)) Pro vruvl.

l.'.elt:.lsc special i J;s tlltct..[O;IS for markins: critical and dangerous

materials.

[,x2'_',._IOl_ packa_lin)t, naIldli:ig, and Lr_lnslJortat.iolI records (PHTR)

per t._3Ft:-S'fD- 343.

._j



Transportation Modes, Matrix and Cost Methodology

. The two major modes of transportation planned for the Tug Program are (i)

air and (2) truck. The air mode will employ Guppy aircraft to transport a complete

tug and commercial airfreight or US Air Force Cargo aircraft to transport Tug

hardware elements of lesser size than the complete tug. The air mode will be used

primarily for long distance movement and the truck/transportation mode will be

employed for short distance/local movement requirements. A transportation matrix

showing the type of interfacility traffice is shown in Figure 11.4.3-1. The

transportation cost methodology is shown in Figure 11.4.3-2.

//-/qq



I
r_

,,mNmmm • ' "_ --

r,.

fa_

e,,."
0
I'--
t..,.>

t,--"
t-
O

_J

0

,C-.'

IJa
....I
cO

,c_ .,,.j
t_

r,,,,"

...... w

e,,,-
,._1

t,_
:,,- tat

...J
¢._ e,,..,,

LIJ L"_
Z_._

L

L_
--1

n
L_

I11.

C2_ t_

¢_ _J_.
t_

, _ _ .

.... . ..... _ _ _ .....

>-
l--

-J (_m

b_ r-_

I-- --I--

>-
I--

-J z

o ...J
a

LL.

--m
I---
Z

,-JI

u')

I!o

0

0

I



0

.-I

0

0

I--

uJ

I--

0 C_I
I

o

I--

0

cL _) c_

IJJ

,-4
I-- I

f_4
I--. *-'

L/)

t_J
LLJ
..J
LL.

I--

t--4

I

-il
1_ _'_

0 u'x

rl

m-

o:: Q. t--- I-- ,c_

-_ F-- UF) t_

F-- ,_2

M I--

h- o
Z I--- .'3 C3

C/) L_J ttJ

_ _---_ LLJ LJJ
t LI C_ U- I.L.

_j ,-_ ,'1_ _"_
t:J -J C"_"

.J C3 I_l I-.- I--

t-..I . ...J

(._ - _

.0 C_i t-- t"
r-i

I--

U')

C_

e_

LI-I
I"--
0
o_.

I

,..-!

.!-I
f_

//--,2..0/



11.5 Facilities

This section describes the manufacturing and test operations _nd tug processing

facility requirements with cost data used in trades.

%

11.5.1 _ianufacturing and Test

Manufacture and checkout of the Space Tug will be accomplished at the McDonnell

Douglas Astronautics Company, Huntington Beach, California, facility.

The IIuntin_ton Beach facility was planned and designed from inception to provide

fully integrated facility capabilities for space vehicles. Its buildings con-

sist of e_ineerin g and administration offices, a Systems Integration Laboratory,

Structural Test Laboratory, Space Simulation Laboratory, Production Test

Laboratory, _lanufacturlng and Assembly Building, Insulation Building, Final

Assembly,and Checkout Building, and other service and support buildings.

Maximum utilization will be made of the existing MDAC and government owned

f_cilities used on the Saturn SIVB Orbital Workshop and other programs in

the development and production of the Space Tug. This will include'but not

be limited to such _AC facilities as the existing machine shops, sheet metal

shops, process shops, electrical/electronic fabrication and assembly, and

supporting inspection and test laboratories.

A preliminary list of additional facility requirements identified at this time,

for each of the configurations are shown in Table ii.5.1-1 along with ROM cost

and procurement lead time estimates. ..

Production testing (and checkout) will be done at HuntinKton Beach in existinE

_aboratories of the I.IcDonnell Douglas Astronautics Company facilities. These b

//->o ?f
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]PP,.._r,tor[_:::, He:_ii.:n,,dan,| us_.'d for s_.ce. vehic]es., will requit'_ 3itt!e or

_._ i:' _i. "!,"_t ."_. ',',,Y _sO i:j t!_,: _,_.:_ .....,,. P1.... ;l':.:n.

r.',__ _., tests vi!l be conducted in test cell jl_ of the AEPC f_cilit:,, :.

'."ul!_!:: _.. 2ezt cel_ Jh provides a.n eltitude simulation ca?abilit:: lac'..i:::

in tht" %.__st ,2,_cilities at Huntsville. ghe_.::al tests of the vehicle will be

a_:cc_;,li:h_.d in the i2_gA HiCh Vacuu_ facility utllizing an existin_ scale/

d_:'r :_.._.instr'm._.ented tank that rill fit the 15 foot diameter ch_-nber. Ti:esc

govcrn:n'nt facilities are available at no cost or at a nominal fee dependi_ Z

on the usin_. _-,ency (see Table ii.5-1 ).

11.5.2 Operations Facilities

_he r_quirem.ent for Tug launch facilities at ETR will be satisfied with con-

struction of one ne%r building (Figure 11.5.2-1), by modification and refurbish-

ment of existing buildings and by use of Orbiter facilities that can be e:_-nded

or ad_pte'l to include Tug Service. (Figure 11.5.2-2). _"

At "Jf_, construction of a new Payload Processing facility (Figure iI.5.2-3)

tocetber with use of programmed Shuttle facilities expanded to satisfy Tug- needs

will provi_!e the support required.

ii.5.3 F_ciiity Costs

A tab_lation of these facilities' status and cost is presented in Table 11.5.3-1

znd in v',._'il:_tyDescription sh<.ets presented in Appendix ll.10-F.
,+
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.6 Ground Suppmrt Equlpment (GSE)

The results of the GSE task include the detailed definition of the GSE,

quantities, price, development schedule, and GSE at each location for factory,

Eastern Test Range (KSC) and Western Test Range (VAFB) which are required

to support both NASA and D0D Tug missions. It also includes a definition

of equipment that is Government Furnished Equipment (OFE) which is

available from the Saturn and Delta program that is usable for Tug.

Overall Study/Program Objectives

The overall study/progzam objectives which relate to the GSE a_ software

tasks are to:

(1) Low design, development, test and evaluation (DDT&E) foz GSE and

software for Space Tug capability.

(2) Reasonable turnaround and checkout philosphy.

(3) Flexible GSE to checkout many configurations of Tug/spacecraft.

(h) Utilize GFE as much as possible to reduce overall cost and not

degrade checkout.

Methodology for Develooment of GSE and Software

The methodology for defining the GSE and software required for each option

was defined as follows:

(i) Utilize the functional flows to establish equipment locations where

hardware is required.

(2) Utilize vehicle hardware description to establish type of GSE

required to checkout vehicle.

(3) Utilize vehicle function list, schematic, and instrumentation list has

establ_shed number of functions across vehicle/GSE interface and number

of functions to be monitored.

(h) Sized the GSE to percentage of existing GSE from similar programs -

Saturn, Delta, and Skylab programs, Developed GSE hardware

descriptions. The costing personnel then took actual cost for GSE

hardware descriptions.

w



(5}

(6)

(7)

(8)

(9)

(XO)

(Z2)

Established a checkout philosophy similar to the Airline me_hod

of checkout using trend data from previous missions.

Defined all interfaces and equipment required to checkout their

interfaces and developed hardware description for the GSE.

Developed factory, Tug Processing Facility, Payload Processing

Facility t Orbiter Maintenance and Checkout, and launch p_icheckout

and GSE block diagrams. Developed AEDC and Integrated Avionics Test

flows and block diagrams.

Developed schedules for development of GSE and software.

Developed software development and operation task flows.

Define all software programs required for checkout, maintenance,

and support programs.

Software personnel sized each program defining number of words of memory

required for each program. Multiply the memory words times a certain

dollar rate establish the cost for development of that program. These

programs were then compared to similar programs on the Delta program

to establish confidence in our software numbers developed for this program.

Sustaining was established by sizing the number of memory words that would

change as the vehicle configuration changes. The same iterative process

was utilized. In some cases a percentage was utilized by our software

personnel best Judgement and experience from developing software

on similar programs under contract to MDAC.

We review the GFE from other programs and establish quantities, and t'ype

available for use on the Tug program.

Tug Checkout Phi!osophy

A. Factory Checkout (post-manufacturing)

1. Tug/GSE Interface Test and Continuity Test - The electrical

interfaces between the Tug and GSE will be tested to verify that the

proper impedance exists looking into the Tug. (The GSE will be

checked for proper operation by appropraite self-test procedures..)

The Tug's wire-harnesses will also be continuity tested to prove

correct wiring and electrical conduction. These tests will be completed

before power is first applied. Purpose of these tests is to minimize

/ 0
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the possibility of vehicle damage due to wiring anomalies during

the ensuing power-on testing•

Subsystem Testing - This phase of the testing involves any calibration

of components on the Tug that must be accomplished before power is

turned on. Power is then applied to vehicle buses and independent

subsystems sequentially energized and verified for proper power

consumption. Additional calibration of certain Tug components may

take place at this time.

Independent testing of each subsystem follows _-ith tests designed

to detect failures of out-of-tolerance conditions down to the

Line Replaceable Unit (LRU) level. Individual measurements will

use the smallest tolerances which can be reliably measured which

indicate the proper function of any component. These tolerances

generally correspond to the tolerances stated in the cc_ponent

specifications plus any measuring system uncertainty figure.

In some cases, complete subsystem checkout cannot be accomplished

during post-manufacturing testing because of the need for extraordinary

conditions involving cryogenic temperatures, propellant flow, engine

ignition, hypergolic fuels, etc. In such circumstances, testing

will be accomplished to the greatest extent possible using simulators

and/or software simulation techniques. It is possible that pre-assembly

testing of these components under proper conditions must suffice

until prelaunch conditions provide the necessary environment for

final component validation.

System Testing - Once all calibration and subsystem testing are

complete, a system test in which all subsystems are turned

on and operated together will be performed. Special real-time

and off-line data analyses will verify that no incompatibility

or interference situation exists. A generalized flight sequence

will be followed during this test.

/I- II



Additionally, this test will provide a time for preliminary

flight software to be loaded and partially validated.

For a selected number of early Tugs, an EMC test will be run

in conjunction with the system test in order to obtain

sufficient data to determine effect of electromagnetic

radiation.

Measurement tolerances for system testing will not be as

severe as those used for subsystem testing• The intent in

this case is to use the measurements to indicate proper operation

of total subsystems rather than individual components

or LRUs. Fault isolation during system testing may use

tighter tolerances, however.

Launch Site Testing

The testing which a Tug receives at the launch area is essentially of

two classifications. The first class is the normal scheduled

maintenance and checkout which each Tug receives after each mission.

The other class is maintenance and checkout which was not scheduled

and is done because of data received from the Tug during flight.

This data may indicate hard failures or may provide additional

data points from which trend analysis can show imminent failures.

(Similar to Airline checkout philosophy).

i. Testing on Tugs which have Just returned from a mission - These

tests are performed in the Safing area and consit mainly of a

test of the fuel cells (program Option 2 and 3F only) before they

are deactivated. The Tug goes next to the Tug Processing Facility

where scheduled and unscheduled maintenance is performed,

re-validation checks are made, calibration and testing of the scheduled

calibration items is done, and an "all systems test" is run.

Measurement tolerances for these tests are similar to those of the

corresponding tests done during post-manufacturing checkout,

taking into account any differences in measuring systems.

/I21>



When _his testing is complete, the Tug may go into a storage

area for an indefinite length of time or it may continue

processing for immediate launch.

For those Tugs continuing processing, the naxt test areawil3_

generally be the SpacecraftMating Facility where the Tug

payload is installed. Checkout here will involve testing of the

Tug hardware and the interface which supports the payload.

The next test area is the Tug-Orbiter Mating Facility where the

Tug is placed in the Orbiter cargo hay and electrically mated.

It is recognized that some launch situations will require

Tug-Orbiter mating on the launch pad. The checkout per_formed

in either situation is identical. The flight software for both

theTug and Orbiter-Tug checkout computer wi]Ibe loadedand

validated after mating. The Orbiter-Tug interface wil/,also be

functionally validated.

o

Final Tug hardware and software validation will occur on the

pad with a Simulated Flight Test in which the flight soft%rare

and an integrated vehicle can together be used in a simulated

flight situation. Checkout tolerances will be those used in

flight except in certain cases where the ground computer

intervenes with special checkout or fault isolation routines.

This flight test is followed by propellant loading and the

final countdown. These procedures involve a certain amount

of testing to insure proper loading, flight readiness, etc.,

however, the testing is minimal and uses measurement tolerances

which indicate go-no go situations rather than detailed

component calibration information. This status monitoring is done

through umbilical wiring, downlink readouts, and possibly a

direct computer memory access capability,

Testing Tugs after storage - Tugs entering storage were

essentially ready for payload mating, hut because of the

calibration drift which occurs with time, m full calibration and

/l-.af.5



verification cycle, including individual subsystem tests and the

final all aystems test, must be accomplished in the Tug

Processing Facility before payload mating. The subsystem tests

are necessary because subsystem data from the last flight

may no longer reflect the true Tug condition. These subsystem

tests will generally be identical to those used in post-manufacturing

chec,out except for differences made necessary by the checkout equipment

and facilities.

o Testing on New Tugs - These Tugs enter the Tug Processing Facility

and receive calibration of those devices which require it prior to

each launch. An all systems test is then performed and the Tug

continues the launch preparation process.

It is assumed that new Tugs have Just completed post-manufacturing

checkout and therefore do not need fullcalibration and subsystem

testing. If there is any delay which exceeds calibration time limits,

a new Tug must be treated as if it had been in storage and undergo

full calibration and subsystem checkout.



(;SE - Option Summar_

Option 1 Features:

(a) GSE is sized for fleet size of 13 vehicles for cradles, covers and

transporters.

(b) Guid,u_ce and Navic_ation checkout equipment GFE from Delta proc.r_-m.

(c) Battery checkout GFE from Saturn program.

(d) Vactory GSE is shipped to VAFB to become launch checkout equipment

for one pad. Feasible since schedule delivery of 13 vehicles allows

enough time to accomplish this.

(e) Provide only one pad of GSE at VAFB since launch rates are low from

_,_fR and one set of hardware can support program launch rate from WTR.

(f) Utilizes maximum GFE from Saturn program where possible to support KSC.

Option 2 Features:

(a) GSE is sized for fleet size of 13 vehicles for cradles, covers, and

transporters.

(b) flew Guidrmce 8/_d Navigation checkout equipment is required.

(c) ilcw fuel cell checkout equipment is required.

(d) flcw laser radar checkout equipment is required.

(e) Factory GSE is shipped to VAFB to become launch checkout equipment for

one pad. Feasible since schedule delivery of 13 vehicles allows enough

time to accomplish this.

(f) Provide only one pad of GSE at VA_B since launch rates are low from

WTR and one set of hardware can support launch rate from %_R.

(g) Utilizes maximum G_"E from Sat_Lrn progrcum where feasible to support KSC.

Option 3 Initial Features:

(a) GSE is sized for fleet sizes of five vehicles for cradles, covers,

and transporters.

(b) All other features are the same as option 1.

Option 3 final features:

(a) CSE is sized for a fleet size of nine vehicles for cradles, covers

and transporters.

Ib) Features are the same as option 2 except two pads of GSE and provided

aL W_R and factuzy _et is available ¢_ Aopet ma_ntennn_e or future

production. In options i, 2 and i initial the factory set of hardware



has been deployed to VAFB as the launch checkout equipment. In option

3 you attain low DDT&E during the initial phase and still have GSE

developed during the final configuration to support any configuration

checkout and testing turnaround rate. The factory set can be

utilized for modification and development of future changes or be moved

to the launch site to enable faster turnaroLund at either KSC or WTR

as the situation warrants the higher launch rates.

ii.6.1 GSE Description Sheets

All GSE Description Sheets can be found in Appendix E Section ii.i0

11.6.2 Alternate Site GSE

Alternate sites were eliminated by ground rule and thus this section is not

applicable.

.
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II.7 Maintenance/Refurbishment/Checkout

Refurbishment/Reuse Philosophy

The refurbishment/reuse analysis is an essential part of the development

of a reusable space tug - one which is capable of performing the required type

and number of missions with the minimum DDT&E, Production and Operations costs.

The cost of reuse primarily depends on the magnitude and frequency of

refurbishment requirements and the fleet size to which they are applied.

Therefore, a basic objective of this analysis is to determine means of

minimizing the refurbishment requirements over the prcgram llfe. Reusability

is expressed as the number of reuses a Tug can achieve before reaching a

point at which the original reliability level cannot be restored on the basis

of technical or economic feasibility.

The MDAC ref'urbishment/reuse philosophy considers the Tug vehicle and its

subsystems capable of operating throughout the program life with refurbishment/

replacement of subsystem life-limited components as required. This philosophy

is based on the premise that the structures subsystem is the primary consider-

ation in determining an optimum number of reuses• Structures azlalyses reveal

no life limitation for this subsystem and include an evaluation of flight and

ground stress loads, fracture mechanics and structures materials. The other

subsystems-Thermal Control, Avionics, Propulsion and Orbiter Interface are

not life limited at the subsystem level; however all subsystems will experience

scheduled and um.scheduled maintenance (M) and refurbishment (R) at the assem-

bly, component or lower levels of detail during the the llfe of the Tug
%

program. Table .i1.7-I summarizes the Tug subsystem llfe limitations.

Each subsystem of all program options was examined to identify its maintenance/

refurbishment characteristics requirements and associated costs per refurbish-

ment and over a spectrum omr 20, 50 and I00 reuses. These data are sho'_n in
'.11,7- Zl

Tables, 11.7-2 through _. _ _ The maintenance/refurbishment cycle

functional flows are shown in Section .11.3.3, the time lines are contained

in Section .11.3.6 and the task descriptions together with the GSE and

manpower requirements are documented in Section /.ii.3.7.

I/.



The number of reuses for subsystem components was derived from:

• Analysis of Tug subsystems and components

• Component manufacturer's recommendations regarding service life and

refurbishment criteria in terms of operating hours and cycles.

• Reliability predictions

• Engineering Judgement based on experience with similar equipment

designs.

Increasing the number of missions before refurbishment (reducing refurbishment

frequency) impacts the DDT&E investment by establishing a requirement to;

• Develop/test long life components

• Develop/test high reliability components

In summary, no life limitations are evident at the Tug vehicle and subsystem

level_ however, there are components with limited life at WBS level 6 and

below• These life limitations together with the associated refurbishment

criteria, frequency and cost are shown in Tables .ll.7_l through _ _

Tug Checkout Philosophy

A. FACTORY Checkout (post-manufacturing)

1. Tug/GSE Interface Test and Continuity Test - The electrical

interfaces between the Tug and GSE will be tested to verify

that the proper impedance exists looking into the Tug. (The

GSE will be checked for proper operation by appropriate self-

test procedures). The Tug's wire-harnesses will also be

continuity tested to prove correct wiring and electrical

conduction. These tests Will be completed before power is

first applied. Purpose of these tests is to minimize the

. possibility of vehicle damage due to wiring anomalies during

the ensuing power-on testing.

2. Subsystem Testing - This phase of the testing involves any

calibration of components on the Tug that must be accomplished

before power is turned on. Power is then applied to vehicle

buses and independent subsystems sequentially energized and

verified for proper power consumption. Additional calibration

of certain Tug components may take place at this time.

j,/
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Measurement tolerances for _ystem testing will not be as

severe as those used. for subsystem testing. The intent in

this case is to use the measurements to indicate proper

operation of total subsystems rather than individual components

or LRUs. Fault isolation during system testing may use

tighter tolerances, however.

Launch Site Testing

The testing which a Tug receives at the launch area is essentially

of two classifications. "The first class is the normal scheduled

maintenance and checkout which each Tug receives after each mission.

The other class is maintenance and checkout which was not scheduled

and is done because of data received from the Tug during flight.

This data may indicate hard failures or may provide additional

data points from which trend analysis can show imminent failures.

I. Testing on Tugs which have Just returned from a mission - These

tests are performed in the Safing area and consist mainly of a

test of the fuel cells (program Option 2 and 3F only) before

they are deactivated. The Tug goes next to the Tug Processing

Facilitywhere scheduled and unscheduled maintenance is per-

formed, re-validation checks are made, calibration and testing

of the scheduled calibration items is done, and an "all sys-

tems test" is run. Measurement tolerances for these tests are

similar to those of the corresponding tests done during post-

manufacturing checkout, taking into account any differences in

measuring systems.

When this testing is complete, the Tug may go into a storage

area for an indefinite length of time or it may continue

processing for immediate launch.

For those Tugs continuing processing, the next test area will

generally be the Spacecraft Mating Facility where the Tug pay-

load is installed. Checkout here will involve testing of the

Tug hardware and the interface which supports the payload.



Independent testing of each subsystem follows with tests

designed to detect failures or out-of-tolerance conditions

downto the Line Replaceable Unit (LRU) level. Individual

measurementswill use the smallest tolerances which can be

reliably measuredwhich indicate the proper function of any

component. These tolerances generally correspond to the

tolerances stated in the component specifications plus any

measuring system uncertainty figure.

In some cases, complete subsystem checkout cannot be accomplished

during post-manufacturing testing because of the need for

extraordinary conditions involving cryogenic temperatures,

propellant flow, engine ignition, hypergolic fuels, etc. In

such circumstances, testing will be accomplished to the greatest

extent possible using simulators and/or software simulation

techniques. It is possible that pre-assembly testing of these

components under proper conditions must suffice until prelaunch

conditions provide the necessary environment for final com-

ponent validation. •

3. System Testing - Once all calibration and subsystem testing

are complete, a system test in which all subsystems are turned

on and operated together will be performed. Special real-time

and off-line data analyses will ,verify that no incompatibility

or interference situation exists. A generalized flight

sequence will be followed during this test.

Additionally, this test Will provide a time for preliminary

flight software to be loaded and partially validated.

For a selected number of early Tugs, an EMC test will be run

in conjunction with the system test in order to obtain

sufficient data to determine effect of electromagnetic

radiation.

.. _ . ......



The next test area is the T_g-Orbiter Mating Facility where

the Tug is placed in the Orbiter cargo bay and electrically

mated. It is recognized that some launch situations will

require Tug-Orbiter mating on the launch pad. The checkout

performed in either situation is identical. The flight soft-

ware for both the Tug and Orbiter-Tug checkout computer will

be loaded and validated after mating. The Orbiter-Tug later-

face will also be functionally validated.

m
_.

o

Final Tug hardware and software validation will occur on the

pad with a Simulated Flight Test in which the flight software

and an integrated vehicle can together be used in a simulated

flight situation. Checkout tolerances will be those used in

flight except in certain cases where the ground computer

intervenes with special checkout or fault isolation routines.

This flight test is followed by propellant loading and the

final countdown. These procedures involve a certain amount

of testing to insure proper loading, flight readiness, etc.,

however, the testing is minimal and uses measurement tolerances

which indicate go-no go situations rather than detailed com-

ponent calibration information. This status monitoring is done

through umbilical wiring, downlink readouts, and possibly a

direct computer memory access capability.

Testing Tugs after storage - Tugs entering storage were

essentially ready for payload mating, but because of the

calibration drift which occurs with time, a full calibration

and verification cycle, including individual subsystem tests

and the final all systems test, must be accomplished in the

Tug Processing Facility before payload mating. The subsystem

tests are necessary because subsystem data from the last flight

may no longer reflect the true Tug condition. These subsystem

tests will generally be identical to those used in post-

manufacturing checkout except for differences made mecessary

by the checkout equipment and facilities.

IY"¢ f



Q Testing on new Tugs - These.Tugs enter the Tug Processing

Facility and receive calibration of those devices which

require it prior to each launch. An all systems test is then

performed and the Tug continues the launch preparation process.

It is assumed that new Tugs have Just completed post-

manufacturing checkout and therefore do not need full

calibration and subsystem testing. If there is any delay

which exceeds calibration time limits, a new Tug must be

treated as if it had been in storage and undergo full

calibration and subsystem checkout.
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Table J_:(Sheet 1 of 2)

TUG SUBSYSTEM LIFE LIMITATIONS

..

Subsystems/Components Life Limiting Factors

Structures None Evident

• Fuel Tank and Support

• Oxidizer Tank and Support

• Body Structure

• Thrust Structure

• Meteoroid Shield

• Payload Interface

Thermal Control

• Fuel Tank Insulation

• Oxidizer Tank Insulation

• Insulation Purge

Avionics

• Data Management System

Guidance, Navigation

and Control

• Communications

• Instrumentation

• Electrical Power

• Power Distribution and

None Evident

None Evident

N_,ne Evident

IMU :'cq_dr,,. rel'tu'bishment after

2,000 hours

Tape record,,,-s require refurbish-

m,:nt after i,()00 hours

None Evident

Priority Power and 'I"JCBatteries

are expendable -- Replaced after

each flight. Fuel cells require

replacement a[%ur 5,000 hours.

None Evident

Control

Propulsion

• Main Engine

• Main Engine Support

• ACPS Engines

• ACPS Engine Support

Category I and IIA RL-10 Engines

require refurbishment after

5 hours and/or 190 starts

None Evident

Mono-propellant thrusters require

catalyst bed replacement after

4,000 seconds burn time

None Evident

W
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II. 7-.I

Tabl_ (Sheet 2 of 2)

TUG SUBSYST_4 LIFE LIMITATIONS

Subsystems/Components Life Limiting Factors

Hone EvidentOrbiter Interface

• Structures

• Interface Panels

• Abort Provisions
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.Ii.7.1 Maintenance Levels/Plannlng

The MDAC Space Tug Maintenance (_) Refurbishment (R) Concept minimizes M/_

requirements while maintaining a satisfactory degree of launch on time proba-

bility together with the required level of subsystem reliability to assure

missions success. It is patterned a_ter the commercial airlines "On Condition

Maintenance" philosophy which monitors subsystem health and thus precludes

unwarranted maintenance and refurbishment on subsystems, assemblies, and

con_onents which are functioning properly. Subsystem health is monitored by

• @ombination of the following techniques:

a. Operational instrumentation data consisting of subsystem

performance measurements which are telemetered during flight

via ground link.

b. When the Tug is out of range of a ground tracking station,

these data are recorded on board for later transmission.

c. Post Flight/Receiving Inspection

d. Automated subsystem checkout (ground) of those performance

characteristics not readily adaptable to inflight monitoring.

e. Use of onboard checkout capability for fault detection and

isolation.

Fundamental to this concept is the definition of subsystem line replaceable

units (LRUs) to the lowest feasible level and the ability to fault isolate

to that level. The basic repair philosophy is the replacement of LRUs and

requires a maintenance/refurbishment analysis that considers repair vs

throwaway and the optimum level of repair of LRUs. A system of rotable

spares will be employed whereby a faulty LRU is replaced at the launch site

with a servicable item from the spares inventory. The faulty item, if

repairable, is returned to the factory/depot for repair and is then rotated

back to the launch site inventory. This approach combines Bench/Shop

Maintenance and Depot Maintenance thus eliminating redundancies in high

dollar value GSE. The factory/depot repair schedule is made responsive to

launch site operations requirements.

The Maintenance�Refurbishment (M/_) technical approach/methodology is not

sensitive to individual Tug configurations; however, the cost of an M/R

cycle and depot maintenance will vary with different configurations. These

variations have been expressed in the M/_ inputs to the cost model for each

configuration in terms of Manhours/(M/R) cycle, equivaien_ _uits of production



hardware for operational spares and depot maintenance cost as a percentage of

average subsystem hardware cost.

The definition of maintenance levels, maintenance planning methodology and

the development process for maintenance procedures and a complete maintenance

program is contained in Appendix B.



.11.7.2 Impact on Turnaround Cycle

The failures risk analysis and spares planning data discussed in Section

11._.1 have provided unscheduled maintenaflce predictions and indications

of the magnitude of launch risk.

Table , 11.7-22 shows the unscheduled maintenance man hours (_H) expected as

an average for a Tug turnaround cycle. These man hours are for LRU replace-

ment and checkout in the Tug when the work is done in the normal maintenance

and refurbish_ent cycle. The down time is a function of manloading by the

particular skills required. The use of highly reliable space qualified hard-

ware and proper qualification testing is essential to achieving a Tug design
I

With this low maintenance man hour capability. Figure l#,7-} shows a

probability distribution for this unscheduled maintenance. The 90th percentile

v_lue indicates the total _ expected not to be exceeded more frequently than

10 out of 100 maintenance and refurbishment cycles.

Predictions have been made for the risk of an anomaly occurring in the Tug

ecluipment during the period of integrated systems test and servicing prior

to Shuttle/_iftoff. (Ref. functions 2.1.7 through 2._.4 as shown in FFD,

Section 11.3.3). The total risk for each subsystem was divided into un-

reliability (risk of liftoff with a degraded component) and risk of pad

loadout. The Tug risk of pad loadout is a function of subsystem verifica-

tion capability (risk of failure x % testable). The risk of pad loadout

prediction is 5 per 100 launches. The peak risk period is during Tug ser-

vicing, resulting from the operational stresses applied to instrumentation,

fluid systems and activation of subsystem equipment Just prior to launch.

The unreliability at launch prediction is * probability, m unreliable Tugs per

1000 launches. This risk represents the share of prelaunch anomalies present

which are not detectable by the verification process. This low value represents

the high verification capability expected from the combined Tug and Orbiter.

A trade study was conducted to estimate the effect of reduced maintenance time

on these predicted performance values. An evaluation was made for each

mOptions i and 31 only. Unreliability is 0.010 probability, i0 _s per

i00 launches for Optlons 2 and 3F.
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function to estimate the effect of reducing test hours which in effect would

reduce the probability of finding faulty equipment early in the maintenance

and refurbishment cycle. The functions, total times and minimum considered

potentially feasible are shown in Table ',11.7-23. In each case the results

of time reduction in one function was evaluated for its effect on later functions.

With these reductions it is estimated to increase risks of pad ioadout by 2_%

and _ unreliability fivefold.

The increase to almost five unreliable Tugs per i00 flights indicates that a

serioud man hour reduction (31%) is not cost effective. Careful analysis

during design development may determine cost savings available in test time

or equipment utilization to provide cost savings without increasing un-

reliability.
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11.7.3 Effect on Logistics

The Logistics technical approach/methodology is not sensitive to individual Tug

configurations; however, the costs associated with the dollar value of a

logistics inventory will vary with the design complexity of different con-

figurations. The transportation costs are indirectly influenced by configura-

tion, but only as a function of fleet size. The tra/ning and inventory control

and warehousir_ functions are relatively insensitive to confi_ration differences.

Variations in dollar value of the logistics inventory have been expressed in

the Maintenance and Refurbishment inputs to the cost model.

j-



.ii.7._ Tug/Payload Integrated Checkout

T_e Tug/Payload Integrated Checkout w_ll be performed as follows at the

locations indicated.

TPF

i. Connect payload simulator to Tug and verify wiring and electrical

load inputs using Tug Data Management System.

PPF/TPF

1.

2.

3.

Perform continuity check on Tug prior to mating with p_71oad.

Mate payload with Tug.

Radiate payload through Ground Telemetry Station and readout

telemetry.

MCF

i.

2.

3.

4.

Check electrical interface between Shuttle and Tug payload.

Load software into Mission Payload Specialist's console.

Perform integrated systems test with payload, Tug and Shuttle all in

the loop.

Radiate telemetry to Ground TM Station via either open or closed

loop and readout telemmtry.



.11.7•5 Onboard vs Ground Checkout -- Program Option 1 and 3I

SU_ARY

Onboard checkout is cost effective, even though the operations benefits are

zero, the large manpower required due to the large manpower requirements

necessary to support the Tug/Shuttle function at the launch sites. If the

Shuttle/Tug functions weren't a constraint, there would be an even greater

savings due to the additional personnel required at each TPF and launch site

to operate the additional GSE.

Other advants_es of onboard checkout not reflected in the cost estimates

include:

a.

b.

Ground and mission flexibility and reduced Tug dependence on the Shuttle.

Less cost impact to changes (ECP's) that affect the Tug vehicle and

vhi@h would further result in changing all sets of GSE.

The GSE description sheets define the additional GSE required and their

associated costs which total $9.654M of which 3.08 is additional DDT&E cost•

The vehicle cost consists of developing a self-checkout capability in the Star

Tracker, additional wiring and the addition of (4) _4U's. The Built-In Test

F_ulpment consists of self check capability in the Signal Conditioning Unit,

Response Unit and Remote Multiplexer and a manual self-check capability in the

Data Control Unit and System Control Unit. Additional checkout software are

also required.

The |._AC onboard checkout philosophy utilizes the vehicle DMS system and

checkout software to perform functional vehicle checkout and fault isolation



to the ERU level with minimal GSE support. The onboard checkout capability is

achieved through a combination of built-in/centralized test equipment. The

]X_S requires access to those parameters required to support inflight redundancy

management. In flight redundancy management refers to the process of fault

detection end isolation to the level at which redundant components can be

switched. "Checkout only" parameters are those required to fault isolate to

the LRU level. The definition of "checkout only" parameters is a function of

the actual flight software logic and is therefore rather subjective at this

time. The "checkout only" parameters would also be available in flight but

software is not included in our estimate to perform in flight fault isolation

to an LRU level unless required to support redundancy management.

The degree of built in versus centralized versus ground test equipment is

dictated primarily by existing designs, feasibility, effect on reliability, and

development cost.

The increase in vehicle cost is due primarily to the development of BI'I_

particularly in the DMSwhich is a new design. The cost of additional

interface channels is negligible since these units must be developed in any

ease and the parameters normally exist on test connectors although some

additional signal conditioning maybe required.

The increase in weight is due to the additional DMS interface units required less

the additional wire required to route the checkout parameters to these connectors

panels. (NOTE: Test connector panels may not be required for some electronics

boxes since access to the box test connector may be available in the forward

skirt.)





GSE DESCP.[PTION S}[?._

RAME: COD._;D RESPONSE UNIT EOUIFM_:T NO.

FUt;CTION^I, ..E:UIR_;!_::_(S):

This unit shall zq_erate hsr_!Ine..s_imuli for testlnF..Tu_ hsmdvare and will he

eble to transfer Tug signals from the Tug to the digital portlo_ of thq GSE

@h,eckou%.,,syste_.

i ,, ' '

k_JI_,-!E;;T DESCRIPTION: ."

This unit is composed of 2 SCUs, 8 PCUs, 2 DCUs, 16 _4Us, M0 connectors,

terminal board assemblies, and 9500 wire terminations. Similar to DSV-hB-130.

W

$ 1.050.000

% __o.ooo

EQUI_.:F_I:TCATEGORY :

N]_.! X

IST YEAR REQ'D

EQUIP;4EX_T UTILIZATION:

FUI]CTIO!:,%L

FLO:.!BLOCK
N_4SER

TOTAL RI_QUInED

(DEVELOPM_TT COST )

(tU;IT COST)

DDDIFIED

_U_._ER AVAIIABLE

AS IS_.__0% of DSV-bB-130

6

LOCATIO:]

R_0UI RED

Em (_)

(z.Am_c-eAD)

z_zz(Z,AU:.;CHPAD)

1

I-

1

WTn (TP_)

vza (LA_CH PAt))

I
• i

1

FACTORY I
I

TOTAL COST $ 2,1_0,000



GSEDESCF!PTIO:!SHF._

PROGRAM OPTION I and _"

RA_ME: _ GROUND E_UIPM_ TEST SET. EQUII%_'T NO.

FUNCTIONAL RE_UIR_,_X_(S )"

The Ground Equipment Test Set shall provide an overall check of the GSE system

when the Tug is not connected. The test set shall verify the satisfactory

operation of that portion of the GSE not verified by self test programs.

-, , , ,, ,, , , _ _ ,, , i

E_UIPMENT DESCRIPTION:

I patch panel (I000 pts), 35 connectors, test point panel (200 TP), terminal
m,

1_NLrd assemblies and 8500 wire terminations similar to DSV-MB-132.

$ 1,660,000 (DEVELOPMENT COST )

$ 373,000 (UNIT COST)

E_UIPMEI;T CATEGORY :

NEll x MODIFIED AS IS 30% of DSV-hB-132

IST YEAR REQ'D I_l_.._ 'k_ AVAILABLE

EQUII'ME_T UTILIZATIOF:

FUNCTIO:;AL

FLOW BLOCK

N_4SER

LOCATION

REOUIRED

_i

ETR (LAt_CH PAD) , I " :

,,am (TP ) 1

_ 1

(nAtmcH 1

FACTORY

TOTAL REQUIRED 6 TOTAL COST $ 3,898,000

,J



f

GSE DESC'-IPTION SHEL_

NAME: INTERFACE JUNCTION BOX E_UI_4FI:T IK).

FUffCTIONAI, _E_UIRE_I_(S):

This unit provides vehicle circuit protection and the patching interface

between the Tug and the GSE.

EQUI_,4EI;T DE gCNIPTION :

bay Junction box conslsting of test point panels 2 fuse and circuit breaker

_anels, patch panels t and terminal boards. Similar to DSV-7-100A3.

E_IPI.',EI:TCATEOOIRY:

NEed X

IST YEAR REQ'D

EQUIP;4EI.T UTILIZATION:

FUUCTIONAL

FLO:I BLCCK

BUM-_ER

$ 350,000

$ 293,000

(DEVELOP_-'NT COST )

coST)

MODIFIED

}K_4BLR AVAIIABLE

LOCATION

R}X_UIRED

(LAU  CHPAD)

TOTAL RE.OU!E.t;D

FACTORY

AS IS _ua uA u_,- ,-_-,,,,

TOTAL COST $

1

i"

1

1

1

1

3,108,000



CSE DESCEIPTiON SHE_F

PROGRAH OPTIO,_: 1 and 3I

NA_: CABLE NETWORK KIT EO.UIE.I_:T NO.

FU_CTIO.'JAL n=_"_"_'_"(S ):

This kit will provide all electrical interconnect cables for connection of the

"v"

Tug umbilical and black box test connectors to the interface Junction box and
|. t

for connection of the Junction box to the Tug checkout GSE.

EQUIE.:ENT DESCRIPTiO'I:

This unit is composed of the following cable types: 5 four pin power cables,

thirty 60 pin cables, and five 39 pin cables.

EQUIPMENT CATEGORY:

NE".4 X

$ 2o,ooo (zm-a_oP_cz=cosT)

$_ a3.ooo (U_ZTCOS_)

IST YEAR REQ'D

EQUI PMEI_T UTILIZATION:

FUNCTI0_:AL

FLOW BLOCK

Nb%_BER

TOTAL }_EQUIEED

_DIFIED

NU_,_I.__AVAIIABLE

6

AS IS

LOCATIO:T NI_..tBER

REO.UIRED RDO.UIIiED

ErR (_F) l

ETR (LAUNCH PAD) l"

mm (LAImCH PAD) 1

wm (_F) x

mm (LAU:_CHPAD) l

FACTORY l

TOTAL COST $ 218,000

II->6o



11.7.5 Onboard vs Ground Checkout -- Program Option 2 and 3F

Onboard checkout is cost effective, even though the operations benefits are

zero_ due to the large manpower requirements necessarTto support the Tug/

Shuttle function at the launch sites. Xf the Shuttle/Tug functions weren't

& constraint, there vould be an even greater savings due to the additional

personnel required at each TPF and launch site to operate the additional

GSE.

Other advantages of onboard checkou_ not reflected in the cost estimates include:

a. Ground and mission flexibility and reduced Tug dependence on the

Shuttle.

b. Less cost impact to changes (ECP's) that affect the Tug vehicle and

which would further result in changing all sets of GSE.

The GSE description shee_s define the ,_.-_+_^_o_.o...__ n_R___required and their

luleociated costs which total $12.872M of which _.10 is additional DDT&E cost.

The vehicle cost consists of developing a self-checkout capability in the Star

Tracker, additional wiring end the addition of (M) _J's. The Built-Xn Test

Equipment consists of a self check capability in the Signa£ Conditioning Unit,

Response Unit Lud Remote Multiplexer, and a manual self-check capability in the

Data Control Unit and System Control Unit. Additional checkout software are

also required .....

The _AC onboard checkout philosophy utilizes the vehicle _ system and

checkout software to perform functional vehicle checkout and fault isolation

to the LRU level with minimal GSE support. The onboard checkout capability is



achieved through a combination of built-in/centralized test equipment. The

D_S requires access to those parameters required to support inflight redundancy

management. In flight redundancy management refers to the process of fault

detection and isolation to the level at which redundant components can be

svitched. "Checkout only" parameters are those required to fault isolate

to the LRU level. The definition of "checkout only" parameters is a function

of the actual flight softvare logic and is therefore rather subjective at this

time. The "checkou_ only" parameters vould also be Lvailable in flight b_

softvare is not included in our estimate to perform in flight fault isolation

to an LRU level unless required to support redundancy management.

The degree of built-in versus centralized versus ground test equipment is

dictated primarily by existing designs, feasibility, effect on reliability, _nd

development cost.

The increase in vehicle cost is due primarily to the development of BITE

particularly in the _4S vhich is a new design. The cost of additional inter-

face channels is negligible since these units must be developed in any case

and the parameters normally exist on test connectors although so_e additional

signal conditioning na_ be required.

The increase in veight is due to the additional D_ interface units required

less the additional vire required to route the checkout parameters to these

connectors panels. (DOTE: Test connector panels may not be required for

some electronics boxes since access to the box test connector m_y be available

in the forvard skirt.)
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PROGRAM 01_'I0:: 2 and 37

CSE DESCP_IPTIO:! SHF._

IIA'4E: CO_4A/_D B._PONSE _;IT E_UIE.I_:T NC),

FUNCTIONAl, RE_UIR_.I,T(S) :

This unit shall generate hardline stimuli for testing Tug hardware and will be

able to transfer Tug signals from the Tug to the digital portion of the GSE

checkout system.

m. , , .. ,, . T . , - , m.

Kv_UI_-:ENT DEHCR IPTI ON :

This unit is composed of 2 SCUs, 8 PCUs, 2 DCUs, 16 P_._/s, h0 connectors,

terminal board assemblies, and 9500 wire terminations. Similar to DSV-hB-130.

$ 1,399,650

$_ 306,590

E_UI}_41;I:TCATEGORY :

IU_-; X

IST YEAR REQ'D

F.QUIP;.:EIiTUTILIZATI011:

YUI_CTIO_;AL

FLOW hLCCK

_ODIFIED

TOTAL I_FQUIFJ:D

(D---Vm_OP:_;TCOST)

AS IS 50% of DSV-hB-130

IIU_._'I'_ AVAIIABLE

LOCAT_O:r 1,J,.,r,r.n
_mUIR_:D Rm.u_n_.D

ETR (UCU:.tCHPAD) 1.

_R (I_t_c_PAD)

w_ (_F)

wr_ (LAV,_C_PAD) 1

FACTORY 1
L__

6 TOTAL COS'_"_ 3,239,190



GSE DESC!':IPTIO:! EHE,_7_

NAME: GROUND EQU!P!'_,"r TEST SET F/3UIF,IFI:" IIO.

FUNCTIONAl, R ....U_P...,_:I_(,,):

The Ground Equip.men% Tes% Set shall provide an overall cheek of %he GSE sys%em

when the Tug is not connected. The tes_ set shall verify +_he satlsfactory

operation of that portion of the GSE not verified by self test programs.

K_UIF,.:ENT DESCRIPTIO:I :

i patch panel (!000 pts), L35 connectors, re.st point panel (200 TP), terminal

board assemblies and 8500 wire termlna%ions similar to DSV-hB-132.

EQUIPI.:L'I:T CATEGORY :

N]9-! X

$__ 2,212,780 (D_-WnSI_P_,'T COST)

$ _97,209 _ (UNIT COST)

MODIFIED AS IS

@

IST YEaR REQ' D

EQUIPMENT UTILIZATION:

FUI;CTI O.":AL

FLOU BLOC)".

J4t_.:BER

),_JMB1'._qAVAIIABLE

LOCATIO:;

RFOUI P.ED

rrs (T.A_.mHPAD)

mm (nAmmH PAD)

30% of DSV-hB-132

1

TOTAL REQUIEED

WTR (TPF)

WrR (TPF)

WTR (LA_ICH PAD)

FACTORY

1

1

1

1

TOTAL COST $ 5,196,03h



I_OGRAM O} llv,, 2 and 3 _

GSE DESCHIPTIO:! SHF.,k_

NA!_E: INTERFACE JUNCTION BOX E_UIE4F]:T NO.

FUNCTIONAL REZUIRE':_:I_(S) :

This unit provides vehicle circuit protection and the patching interface between

v

the Tug and the GSE.

_UI_'ENT D_3CRIPTION: '

bay Junction box consistin_ of test point panel_s, fuse and circuit breaker

panels, patch panels, and terminal boards. Similar to DSV-7-100A3.

$ h66,55o (DEVELO_._,_f COST )

$ 390,569 (UNIT COST)
r .

EQUIPI'.Ei;T CATEGORY :

liE',.! X MODIFIED AS is

IST YE_g REQ' D }_/MBER AVAIIABLE

EQU I;'MELT UTILIZ;,TION:

FUNCTIO%AL

FLOW BLOCK

N_4BER

LOCATION

REOUIRED

,,ETR (LAV.;CH_ PAD) 1

I.

1

1

FACTORY

TOTAL RI_QU. }L.D 6 TOTAL COST$ 2,809,96h



GSEDESCF.IPTIONSHE,_:_

lIA'<i']:CABLE NETWORK KIT _. UI_.I_:T IIC}.

FUtICTIONAI, .RE2UIRE?,._.I,_(S):

This kit will provide all electrical interconnect cables for connection of the

Tug umbilical and black box test connectors to the interface Junction box _nd

for connection of the Junction box to the Tu_ checkout GSE.

E_UI_ENT DESCR!PTI0J:

This unit is composed of the following cable types: 5 four pin power cables,

thirty 60 pen cables, and five 39 pen cables.

$_Lo

$ 3o,659

EQUIPI4EI:T CATEGORY :

NI_..; X

IST YEAR REQ' D

EqUII';.:EI:TUTILIZATION :

FUIICTIOI:AL

FLOW BLCCK

NUH_ER

MODIFIED

,, (DEVELOP:_I_ COST)

(UNIT COST)

AS IS

I_..;BER AVAIIABLE

LOCAT!O:;

REO,U I I_ED

_R (TPF) ,

ETR (LAUITCH PAD)

ram_(uu:_cHPAD)

W'I'R(TPF)

WTR (m_CH PAD)

FACTORY

1

i"

1

1

1

1

TOTAL R_QU!EED 6 TOTAL COST $ 290,554



11.8 Tug Fleet blze

11.8.1 Active Tug Fleet Size

The active tug fleet size is summarized in figure 8.11.1-I.

11.8.2 Total Program Fleet Size

The Tug fleet sizing analysis was based upon the flight schedule developed as

a result of the mission accomplishment analysis (as reported in Volume 4). The

capture analysis identified the flight by flight mission accomplishment. With

the flight schedule and associated flight mode and the effect of reliability,

the fleet size necessary to carry out the activity was developed.

The total program fleet size is twelve vehicles of which three must be

available in the year of IOC.

11.8.3 Factors Influencing Fleet Size

Table ii-i shows the schedule of flights per year by Tug I.D. number. At

the top of the chart, the number of flights per year is shown and the number of

Tug expendable flights. The number of Tugs required can be established by first

determining the number of Tugs necessary to accomplish the 1990 requirements

and working backward from that point. The maximum number of flights any TUg can

perform in a year is established first by summing the TUg ground turn-around

time and the mission time which results in the minimum mission turn-around time.

In Option 2 the ground turn-around time is 27.9 days and the average mission

time is 3.3 days. The mission turn-around time is thus 31.2. The maximum

number of turn-arounds in a year is than eleven.

Using this number and assuming that the maximum number of flights that an

expended Tug can make in the year that it is expended is six (one-half the

maximum turn-around in a year), the fleet of four for 1900 is established.

Working backward from there it can be seen that in 1989 the three expendable

requirements and the necessary in 1990 make up the inventory requirement. The

resulting <Sata show that to carry out the operations a total of nine Tugs are

required during the program.

Added to the flight schedule requirements are the requirements to replace Tugs

which have been lost due to in-flight failures. By ground rule these are one

for each 100 flights which results in three additional vehicles required in

Option 1 program.

The major influence on fleet sizing is the number of expendable Tug missions

required. If, for example, no expendable missions were required the required

fleet size could be reduced to seven vehicles including reliability losses.



' C) i

O_ _

O_
03 O_

aO 0'_

aO

'cO 0

OJ
O0 0

0
a3 0

.b,,

0

m

i

I ,i

CO _ I

CO
l--I I

b-"

!

¢0 r-I !

a_ 0 1
!

!

oJ
cO 0 1

(0 0 1

0
cO 0 1

OJ

I.-I

o,I

o
o_

I"-

o"I
a3 I-_

OJ
¢0 o,I

r-I
cO 0

0
aO o

r._ o

o
m

o

t.,-

_,0

o
_ o

¢)

0_-t

i1)

0_

i



,-4
I

A

U OJ
b'J

r,1 o

C_

c_D

(t)

I--4

E_

I I

I

I
I

I

cO

a

r.4

I
cq
E41

t--I

b,

,,"/-_ 7 rP •



11.9 COST UATA

The ground operations have been analyzed and costed in two separate "breakouts"

of the elements involved. The first breakout is the standard Work Breakdown

Structure for the study, as defined by the Government and included in the cost

analysis program. The second breakout is the "standard numbering system for

tasks identified in the functional flow diagrams," as provided by the Government

and included in all the ground and launch operations analyses conducted in the

study. These two breakouts are correlated in Table I to indicate the MDAC

approach to resolution of the apparent discontinuities between the two accounting

methods.

The ground operations cost data are provided on Table II, as developed for both

ETR and WTR (where applicable). These cost data are listed in agreement with

the ground and launch operations numbering system and organization of Section

6.11 of this document, as shown on the left half of Table I.

The costs presented are a direct function of ground crew size and the methodology

employed to optimize manpower. Accordingly, to help substantiate the cost

estimates, trade study sheets for Determination of Ground Crew Size and Innova-

tion Ground Operations Techniques are included. These data are in response

to action items 95 and 97.
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DETERMINATION OF GROUND CREW SIZE (ACTION ITEM 95)

The methodology of ground crew sizing for the cryogenic Tug basically consists

of a ten step process. Each process step is described below and illustrated

in Figure I.

STEP i: FUNCTIONAL FLOWS

For each Tug vehicle configuration option, top level functional flow

diagrams were developed to reflect the operational requirements of the

following items;

Flight Requirements (NASA/DOD)

o ETR launch

o WTR launches

Flight Composition

o Tug ( slc)

o Tug with Kick Stage

STEP 2: TASK DESCRIPTION SHEETS

For each function identified in the functional flow diagrams of Step i,

a task description sheet waw constructed. The title, objective, purpose,

locatiJn, required equipment, manpower and interface requirements for each

functional task is specified on these sheets and are a prerequisite to

the development of timelines and manloading.
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STEP 3: S[_TASK DEFINITION

individual s,YoZasks m_d _heir reopective m_npower allocation required to

accomplish each functional task were defined utilizing the task descriptiom

sheets of Step 2 and their timelines to determine the overall time required

for each functional task.

STEP I_: MISS[ON MODEL _/L_LYSIS

The mission model for each Tug vehicle configuration option was analyzed

for each launch site with regard to number of launches, user (NASA and DOD),

flight composition, and mission type (deployment, round trip, etc.) The

predominate Tug mission was then selected for detailed analysis and develop-

ment of task timelines and sequences, and ground and launch operations

manning requirements.

S%_P 5: TASK T!:_LI}_S _D SEQUENCE D_JELOP_[ENT

Based on the predominate Tug mission selected for each Tug vehicle configura-

tion option in Step 4, the appropriate f_nctional task timelines developed

in Step 3 were azsembled on a sequential hour by hour basis in a manner

consistent with the ftunctional flows for each respective '_ag option.

STEP 6: Tb'Pd_AROVVD TI_S

Tug turnaround times were determined and top-level operational bar-chart

flows were developed for each Tug configuration option based on the assembled

timelines of Step 5.

STEP 7: SKILL PER SHIFT DETERL_NATION

The task timelines of Step 5 were evaluated on a task per flight basis and

appropriate manpower skill requirements were optimized utilizing skill sharing

techniques where possible.

STEP 8: MAXI_"SM vs. _DATORY SKILL BREAKDOWN

A skill per shift matrix was developed for each Tug vehicle configuration

option utilizing the data derived in Step 7 in order to determine the

maximum skill breakdown requirements and the mandatory skill breakdown



requirements during those shifts whose operations are constrained by the

Orbiter ground processing schedule.

STEP 9: YJtNPO_rER vs. FLEET SIZE DETERMINATION

Based on the required on-orbit time and the turnaround time derived in

Step 6 for each Tug option, liftoff to liftofT times were determined and

the active Tug fleet size for any required launch rate was derived.

Manpower levels for each required skill were then assigned on a per-shift

basis accordingly. _

STEP 10:

Utilizing the data generated in Step 9 and the number of required launches

per year as specified in the traffic model for each Tug option, a total

manpower per skill per shift per year matrix was developed.

The crew size for each Tug option is attached.



INNOVATIVE GROUND OPERATIONS TECHNIOUES

(ACTION ITD4 97)

I MDAC APPROACH

Eleven Tug engineering personnel are mandatory during certain Tug prelaunch

operations which are time constrained due to Shuttle ground processing schedule

requirements. Evaluation of manpower requirements indicates however that

during turnaround shifts during which engineering personnel are required,

eleven engineers are required only five percent of the time. During the other

seventy-five percent of the time, a maximum of nine engineers is only required.

II MDAC POSITION

For those program years requiring four Tug launches per year or less, a field

engineering staffing of nine engineers is adequate if, for the five percent

of the time when eleven engineers are required, two "home plant" engineers are

provided TDY during the five percent peak periods when eleven engineers are

required.

Ill RATIONALE

Program years during which less than four Tug launches per year are listed below:

TUG PROGRAM LAURCH

OPTION YEAR SITE

i 1980 E'ER

I 198_ WTR

1 1986 WTR

i 1988 WTR

i 1990 WTR

3 1980 ETR

The savings of two engineers during these program years can be equated to

_38h,000 for Option i and 376,800 for Option 3.

IV IMPACTS

Providing home plant engineering personnel to the launch site on a TDY basis for

limited periods during program years having launch rates of less than four per

year does not impact Tug operations and has precedence on current launch vehicle

programs.



Operating in this fusion during program years having launch rates greater than

four per year is however neither economical nor efficient.



Appendix A - TradeStudy Results

The operational trade studies are reported in th,_ appropriate section arid no

"appendix" type material was generated.
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APPENDIX B .

MAINTENANCE PLAN

MAINTEN_{CE

The contractor shall develop a maintenance program that provides optimum Tug

System support at the test and launch sites. The maintenance program will

have as its objective, a minimum expenditure of support resources over the life

of the program. The maintenance concept shall be based on the airline philosophy

of on-condition maintenance which minimize performance of maintenance tasks on

a specific time interval basis. The contractor will develop the status mon-

itoring and failure prediction techniques necessary to employ this concept.

A fault isolation capability to a line replaceable unit (LRU) level will be

developed, making maximum use of onboard checkout equipment. Wherever feasible,

GSE requirements analyses shall recommend the use of multi-purpose test equip-

ment. A maintenance plan will be prepared defining the types and levels of

maintenance, maintenance cycle, maintenance organization and maintenance con-

trol functions. A maintenance analysis will be conducted to determine main-

tenance resource requirements for system, subsystem, LRU and component level.

During the maintenance cycle, the primary method of system and subsystem

repair will be removal and replacement of LRUs. An optimum repair level

analysis will have been completed to determine the most cost effective repair

location for each LRU. The interface of the maintenance function with the other

elements of integrated logistics support will be defined.

Maintenance Plan

Prepare a maintenance plan that identifies the analysis and planning necessary

to provide a program consistent with airline policies and practices. In order

to develop the maintenance plan it is necessary to identify maintenance con-

cepts, policies, constraints and requirements. As nearly as possible the

maintenance functions of the reusable Tug are related to present airline

practices as developed through operating experience and modified to meet Tug

needs.

@



The plan shall specify the approach used for maintenance support of system

maintenance, including such elements as implementation of on-condition mainte-

nance, launch site maintenance policies and practices, Joint operational and

maintenance personnel utilization, vertical and horizontal vehicle maintenance

groundrules and distinction between LRU, maintenance significant and nonmainte-

nance significant hardware categories. Establish the program authority for

these plans, and the manner in which they will be maintained current with

program development.

Organization - The Maintenance Plan shall describe the maintenance engineering

organization that will plan, establish, perform and control maintenance support

of the Tug system. The Plan will also define the program authority of the

Maintenance organization, and its relationship to other program organizations;

e.g., reliability, test, safety and maintainability.

Maintenance Analysis

Define the type and content of maintenance analyses required to establish

Level I, II &III maintenance requirements, inspection schedules, maintenance

turnaround cycles, GSE, facility interfaces, potential candidates for inflight

maintenance, and cost effective procedures. Describe integration and time-

lines of the maintenance analyses with other Tug program analyses and events.

Describe the approach for the utilization of the maintenance data file that

enables storage and rapid retrieval of categorized information. The require-

ment to evalutte field collected maintenance data, and to establish corrective

action for apparent problems shall also be considered in the analyses.

The maintenance analyses are performed to identify the system, subsystems and

components that require, preventive and/or corrective maintenance. It is based

on a systematic analysis of the hardware design to determine the time required

to perform each maintenance action and the requirements for specific equipment,

facilities, personnel, spares and technical documentation. The analysis is

the basic element used in establishing a continuous maintenance program.

!



Maintenance Analysis Format

The maintenance analysis system will be identified and discussed in detail

under this heading of the Plan. The technique for tabulation of the data com-

piled requiring analysis will also be discussed in this section. Instructions

for completion of and format samples of the analysis work sheets will be pro-

vlded. Format of the work sheets shall be mutually acceptable by both the

Government and the Contractor.
/

Maintenance Support and Control

Describe the test and operational phase of Tug maintenance control that is

required to control and administrate maintenance support operations, (e.g.,

schedule maintenance activities). The Plan shall describe the approach used

for the formulation, conduct and authority of the organization, and the

optimum physical locations• Define the relationships of the organization with

other field organizations, including the operational contractor, giving special

attention to the common utilization of personnel for operations and maintenance

requirements.

Reports of flight test and operational maintenance actions will be evaluated

to determine the degree of effectiveness of maintenance support operations•

Describe the approach to be used in the development and implementation of the

Tug system data collection program (such as AFSM 310-1, SSD Exhibit 66-1) that

encompasses preparation of action reporting forms, field data collection, data

evaluation and development of improvement recommendations, whenever applicable.

Identify program needs for the collected field data and describe the using

agencies plans for maximum program benefits through this effort.

Types of _.:_intenance

The total system maintenance requirements will be evaluated and segregated in

specific types of maintenance, i.e., Fostflight, Preventive, Corrective and

Calibrati_,n. A detailed discussion of the application of these types to the

Tug system will be provided in the plan.



Types of Inspection_

It is anticipated that several categories of inspection will be required,

e.g., Acceptance, Preflight, Postflight, Phased, Special Inspections. Each of

these categories will be discussed in the plan to show how each is applied

to the maintenance program and what each category of inspection is intended

to accomplish.

Levels of Maintenance

• Three levels of effort will be used in support of the continuous

maintenance program:

First - Actions accomplished directly on the vehicle.

Second - Actions accomplished, in support of first level, off the

vehicle in shops or areas located at the Factor'/depot.

Third - Actions accomplished, in support of first and second levels,

requiring specialized skills and equipment.

A detailed definition of each level will be provided in the plan, so that it

may be used as a reference when making maintenance level assignments for

repairable hardware.

Maintenance Philosoph[ and Concept s

Through evaluation of the analyses, trade-offs and liaison actions, specific

maintenance philosophies and concepts will be developed for individual end

items, components, assemblies and subassemblies. Such concepts as the follow-

ing will be included:

• The maintenance program will consist of a structural sampling inspec-

tion schedule, a preventative maintenance schedule and corrective

maintenance based on the ON-CONDITION concept.

• Corrective system maintenance will be removal and replacement of

failed components.

• Application of maintenance status annunciators, maintenance and flight

data recorders.



These concepts will be coordinated and integrated with the other affected

§upport activities, e.g., Logistics Engineering, Supply Support, Technical

Publications. Training, Operations and Design Engineering. These agreed upon

concepts will be recorded in the plan and considered as the baseline program

maintenance concept.

Support Equipment and Tools

As a product of the Maintenance Analysis, determine and document the sUpport

equipment and tools (CFE, GFE and Commercial) required. Additional sources of

supplemental information includes Design Engineering, Operations and the Main-

tainability Task Analysis. These requirements will be reflected in the plan,

segregated to the respective levels of maintenance.

Skill Levels and Manpower

The objective of this exercise is to identify, (i) the job title (skill level)

and (2) the requisites (qualifications), formal education, training and experi-

ence associated with each skill (grade). This information will be provided in

the maintenance plan for correlation with and use in identifying skills during

the Maintenance Analysis Program.

In order to facilitate accurate manpower and training plans during the design

phase, it is necessary to quantify each skill level required to support the

operational system. These requirements are initially identified through the

Maintainability Task Analyses and are thoroughly coordinated with the Personnel

and Training Group prior to recording them in the Maintenance Plan as firm

requirements.

Personnel Utilization Concept

A study will be made to define how maintenance personnel will be cross-trained

and utilized in the maintenance, prelaunch and launch activities. The results

of this study will be reflected in the Personnel Utilization concepts pro-

vided in this maintenance plan.



Maintenance Cycle

Zhe maintenance actions defined and expanded during the maintenance analyses

are inputs to be integrated into a total maintenance activity. The mainte-

nance actions will be categorized into one of the types of maintenance dis-

cussed; assigned a level of maintenance and diagrammed in a Functional Flow

Block Diagram (FFBD), when required. Time spans of each task will be plotted

in a timeline study and a specific segment of time designated as the "Mainte-

nance Cycle" time. A detailed discussion of the designated maintenance cycle,

through the flight test and operational phases, its timeline and FFBD will be

provided.

Periodic Maintenance Control

The automated documentation and scheduling program for periodic (preventive)

maintenance requirements of all GSE, (including GFE) support equipment, and

stored and installed flight hardware will be defined. Specific direction as

to application of this program to the Space Tug Program will be provided in

this portion of the plan.

Utilization of Cover:_ent Owned or Financed Resources

Each requirement involving: facilities, support equipment, tooling or other

maintenance resource, will be evaluated in terms of utilizing Government owned

or financed resources to satisfy the need. In those areas where Government

facilities or resources can be used, appropriate discussions will be provided

in the Maintenance Plom. In each instance, maximum use will be made of

Government facilities and resources.

Coordination and Interface

The various elements and requirements of the plan are coordinated and completely

interfaced with Engineering, Facilities, Operations, Publications, Supply

Support, Training, and Operational Contractor to assure the requirements and

decisions reflected in the Plan are compatible with, and support their planning

and concepts.



Functional Flow Block Diagrams (FFBD)

_n order to accurately perceive the magnitude and scope of specific

maintenance requirements, it is necessary to diagram the maintenance action

in its logical procedural steps. The maintenance plan will provide guidelines

to be followed in preparing these FFBD's.

Provisioning Support

This portion of the plan will provide guidelines and parameters of Maintenance

Engineering responsibility with respect to support of provisioning activities.

Decision making authority will be clearly deffned; action to be taken when the

provisioning decision is not compatible with the requirements expressed in the

maintenance analysis; general outline of the data to be provided and made avail-

able during provisioning conferences will be included in this area.

Data Collection

To aid in identifying and eliminating potential problems, correcting existing

failures, and improving maintenance capability, a maintenance data collection

system will be defined and implemented. The data collection will start with

component testing, continue through manufacturing, test and operational phases.

Because of the minimum number of vehicles produced and limited flight test

program there is a need to gather as much data as early as possible to verify

the maintenance and logistics program prior to the operational phase.

The method of collecting field data and the techniques to be applied in the

processing and analyses of the data will be described in this section of the

plan.

MAINTE_I_CE FACILITIES

A Maintenance Facility Program Plan will be prepared. This plan will outline

the contractors' approach to identifying facility requirements, existing

facilities and how the contractor Plans to conduct the facility acquisition

effort. Personnel engaged in this activity will be responsible for:

• Conduct "on the spot" evaluations of existing maintenance facilities

and prepare Site Selection and Evaluation Report for NASA/DOD.



Identify to NASA/DOD, specific technical requirements and facility

design constraints. .

Prepare facility design concepts to facilitate review and analysis

of proposed solutions tofacility design trade-off. These concepts

will include recommended floor and area plans with room or area names,

size, functions, elevation plans, clearances and statements of how

electrical and mechanical functions are to be carried out.

Participate in design reviews with NASA/DOD, architects, et al to

support the maintenance facility planning aspect of the program.

Prepare an Activation Plan which consists of consolidating all

schedules, plans and associated actions required for total activa-

tion of new or modified maintenance facilities.

Prepare a Master Equipment List of Real Property Installed Equip-

ment (RPIE) and items of electrical and mechanical equipment and

their major components, based on the final facility design.

A Project Status Report will be prepared and updated periodically,

to keep NASA/DOD advised of the status of all incomplete maintenance

facilities. An Annual Summary Report will be prepared for each

active facility contract which will include a summary of all funding

actions, inventory transactions and use of facilities under the total

contract during the reporting period.

This activity will be concerned with all locations, i.e., launch site and test

sites.

MAINT_J_CE S_ATUS REPORTS

_intenance Status Reports shall be provided to assure proper accounting of

all pertinent maintenance elements. The reports will include description of

trends, problems and actions taken or deferred. Formal Maintenance Milestone

(Schedule) Summary documentation will be initiated as the document for time

phasing the Maintenance Program.



Appendix C

ZPARES ANALYSIS/PLANNING (UNSCHEDULED MAINTENANCE)

C.l SPARES QUanTITY AND COST A31ALYSIS DATA

The maintainability analyses have addressed unscheduled maintenance

requirements. This applies risk of failure analysis methods to prediction

of spares requirements. The same basic data were used to predict mainte-

nance manhours, launch reliability and payload changeout risk at the pad

(see Section 6.11.7.2). The results of the spares analyses are documented

in 3 sets of data contained herein. Cost estimates were introduced into

the cost model in terms of initial spares and depot maintenance, measured

in terms of equivalent units of production subsystem hardware costs.

The first set of forms entitled preflight verification of subsystems show

the failure/anomaly risk analysis basic to the maintenance time and spares

cost predictions. The data in the column labeled " c = NkKT" shows risk of

failure (failures per flight).

The next series of forms entitled Tug Spares Analysis show subsystem

breakdown to Level 8 and spares quantities. The data from the verification

of subsystems form (c) are used to calculate the values shown in

Columns 2, 3, 8, and 9. Stock level estimates are made as a function of

flight frequency, depot flow time and desired probability of sufficient

stock for any contingency. The quantity of initial spares (required at

Level I to repair any failure present in a returning Tug, SI) is based on

a 0.90 probability of sufficient spares to cover 5 flights without resupply.

The estimates for Level II maintenance provides at least 1 of each replace-

able item if not qualified in SI for Level i, plus an additional quantity

for higher failure risk items to assure a 0.995 probability of sufficient

parts over a 5 flight time span. Depot maintenance costs are based on

failure rate, estimated number of flights and % of parZ costs to handle the

cost of the repair cycle (30% used for the latter, for refurbishable items).

The ouantlty of initial sDares for each component to repair the Tu_ are shown

under "Component Initial Stock". The 0uantlty of operational spares for each

item is shown under "Component Float Stock" and "Subassembly Operational Spares".

The worksheets showing the calculation of spares costs for the cost model input

sheet are shown in the thirdset of data.



C.2 MATHE._TICALTEC_IQUES USED E; Th_ _[ALYSES

The customary failure risk prediction technique used in reliability

predictions is based on the formula _N_TT where,

N = Number of parts in the equipment

k = Failure rate of the part

K = Stress factor for the part for time T (Vibration, heat, etc. effects)

T = Operating time

For the Risk of Failure prediction shown on the form "Preflight Verification

of Subsystems," the following values vere used

N = Number of components or subassemblies (computer, valve, tank, etc.)

k = Failure rate of the characteristic item for space

K = Equivalent anomaly factor*

T = Flight duration + equivalent space time to compensate for shuttle

llft off stresses + prelaunch operations time following tug post

maintenance checkout, ilO Prela_nch 0pera_ions;
L178Equivalent Flight Time

*The K factor for additional damage "_'as applied to predict work load.

Investigations several years ago indicated that operation of equipment in

test after transport to a flight location introduced 5 - 8 times the prior

number of failures. This same magnitude value was used here to represent _he

ratio between actual failures (inherent reliability failure rate) and anomalies

(degraded performance, suspect items removed as deficient, or items requirin_

adjustment or calibration prior to dispatch on a new Tug space mission). Thus,

the total spares quantity shown includes both the actual flight failures and

correction of anomalies.



The cost models used to calculate spares costs in terms of equivalent assembly

(Level 6) and subsystem (Level 5) costs are:

For Initial Spares as a function of assembly cost:

Ni

E_ = _ S0j.Rj.Cj + CIj _ SI i

J=l i=l

and

For Operating Spares as a function of assembly cost:

Is°J'RJ'cJ+clj soi

amd

For Depot Spares as a function of assembly cost:

Wj Ni

J=l i=l

For Initial Spares as a function of subsystem cost:

= V EIK'C2K
ElL

k=l



Operating or Depot Spares as a fun6tion of subsystem costs (EO L or ED L) are

found by substituting EO K or ED K in the last equation.

The meanings of the symbols used follow:

SIj = Number of initial spares of component J.

SI i = Number of initial spares of subassembly i.

SOj = Number of operating spares of component J.

SO. = Number of operating spares of subassembly i
l

SDj = Number of depot repair kits and/or parts as equivalent components

SD i = Number of depot repair kits and/or parts as equivalent subassemblies

Cj = Cost of component J in equivalent assemblies

Clj = Average cost of subassembly i in equivalent components =S
N i

C2 k = Cost of assembly k in equivalent subsystems L

Rj = The ratio of the cost of a spa/e component J to the cost of a

shipset of component J.
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hppeudix D -- '?ask Description Sheets

Thiz append:i× col,taint the baseline time line encompassing all operations for

al:[ options aud i,_,_e _ssociated task description sheets. These were used go

('_v,_,]op the upec-ifJc option time lines presented in section 11.3.6.



TASK TIMELIq_ES

FOR

THE CRYOGENIC TUG

GROUND A_D LAUNCH OPERATIONS

13 JULY 1973

NOTE: The timelines enclosed utilized the folloving skill

breakdown notation as _4_rnished by NASA:

a. Propulsion Technicians

b. Mechanlcal/Struct_al/Therma! Technicians

@. Avionics Technicians

d. Engineering

e. Quality Control

f. Safety

g. Other
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TASK DESCRIPTION SHEET

TASK TITLE: PREPARE PRELIMIIIAR¥ M&R SCHEDULE (i.i.i)

TASK OBJECTIVE: To schedule known M&R requirement

• . i • • ., . , , .

, i ,, , . ' |

TASK PURPOSE: To construct an M&R schedule through review of a Tub's

maintenance records and integr&tion of subsystem scheduled M&R requirements.
.m i ill i i J,l
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TASK EQUIPMENT:
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TASK OBJECTIVE:

TASK DESCRIPTION SHEET

P_TALYZE TELEX-TRY DATA FOR [_/SCHEDULED M_R (I. I. 2)
i . ,i i

To identify unscheduled M&R rec_ulrements.
i i i • i i i

L I' " "' ' I ' ,

TASK PURPOSE: . To analyze TM data to ide, ntSf_. ' inflight .anom.alies occurring

during the last Tu_ mission. Fault isolate to LRU and define unscheduled

M&R requirements.
• - i i i . , i mt L i|

•, , • .

TASK LOCATION: TPF/KSC and PPF/WTR

TASK EQUIPMENT: i{_rd Copy Via GrQ_nd Stations

128 T__elemet rY Ground,,St a,t,ign , , ,

MANPOWER REQUIREMENTS:

INTERFACE REQUIREMENTS:

i| : L ii

PROPULSION TECH 0 H-HRS
• i ....

MECHANICAL TECH 0 M-HRS
m i i , , t

AVIONICS TECH 0 M-HRS

ENGINEERING 18 M-HRS
|,,, i

QUALITY CONTROL 6 M-HRS
i •

SAFETY 6 M-HRS
i li L i

OTHER 8 M-HRS

$oftvare program to process i_4 data



TASK TITLE:

TASK OBJECTIVE:

TASK DESCRIPTION SHEET

UPDATE M&R SCHEDULE (I. i. _ )

To establish an integrated M&R schedule.

i

TASK PURPOSE:

, ,m

To Integrate scheduled and unscheduled M&R requirements.

TASK LOCATION:

TASK EQUIPMENT:

127

TPF/KSC and PPF/WTR

Data M_.t Test Set

MANPOWER REQUI REMENTS:

INTERFACE REQUIREMENTS:

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

o

o
i

0

14

Q

M-HRS

M-HRS

M-HRS

M-HRS

,, M-HRS

M-HILS

M-HRS



TASKDESCRIPTION SHEET

TASK TITLE: RECEIVE TUG AT TPF/PPF (l.l.h)
i i i L i , i i . i

TASK OB,)ECTIVE: To physically enter the Tug into M&R cycle. This task and
i ii t , • i •

subsequent tasks consider (i) New Tugs, (2) Tu_s from Post Landing Operations,
t i J L U ,l i

and (3) Tu_s from Storage.
, t 1 | , Jl t . i t ,L L i .

..... , t | • . . -- ,, t . ,- .

TASK PURPOSE: To place the Tug in its M&R position at the TPF/PPF and assure

a final safe condition prior to initiating M&R actions.
i | i i , i

TASK LOCATION:

TASK EQUIPMENT:

.,k.A.. _

183

,, , |

TPF/KSC and _PF/WTR
J

Transoorter

MANPOWERREQUIREMENTS: PROPULSION TECH

HECHANICALTECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

INTERFACE REOUIREMENTS:

3

0
i

0
, |

0

1

1.5

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS



TASK DESCRIPTION SHEET

TASK TITLE: PREP_E FOR INSPECTION A_TD CHECKCb_f (i .I. 5)

TASK OBJECTIVE: To place the Tug in a condition for Post Flight/Receiving

Inspection and C/O
. | , . , , l|,., . , i, ,i .

TASK PURPOSE: To position workstands, provide access to installed subsystems
i i i

_nd connect/checkout GSE.
,l

,_21 Comsec EauiDment

, 191 _¢orkstag_ F_$$, .

IT_ Static Dessiqe_n$ _it ,.

, IIi, APS Breakout Control Box

TASK LOCATION:

• ii T Checkout Access Eli

TPF/KSC and PPF/WTR

TASK EQUIPMENT: ,1,68 Snacecraft Simulator 169 S_ac.e ,Tu_ Simulator

124 Cradle s

183 Transporter

118 Checkout Cable Kit
,m,

119 Comm Test Set

127 Data M_t Test Set

185 Lhbilical Kit

lh8 Signal Cond Unit

Power Sys Test Set

. 161 Prop Pne._natic Console

,. 16_ Pr_pellan_ or. Pneumatic Control

Console

Orbiter Simulator

MANPOWERREQUIREMENTS:

INTERFACE REQUIREMENTS:

PROPULSION TECH 0 -M-HRS

MECHANICAL TECH 2Z._ M-HRS

AVIONICS TECH 0 M-HRS

ENGINEERING 0 M-HRS
i i

QUALITY CONTROL 0 M-HRS

SAFETY o M-HRS
|

OTHER o M-HRS



TASKDESCRIPTIONSHEET

TASKTITLE: PERFO_4 POST FLIGh_./RECEIVING INSPECTION (1.1.6)
,., | ,, m, • | w |l •

TASK OBJECTIVE: To determine subsystem physical condition, installation
, ,, , ,,i , ,

inte6rity and subsystem status where instrumentation is not feasible.

TASK PURPOSE:

identified.

To identify unscheduled M_R requirements not previously
• m, m m •

| _ i ml ii

TASK LOCATION:

TASK EQUIPMENT:

TPF/ESC and PPF/WTR
• , i , | ,

12h Cradles

i83 _Transporte _

191 Workstand Kit

MANPOWER REQUIREMENTS: PROPULSION TECH

MECHANICAL TECH
| i L I

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY
L I

OTHER
i

INTERFACE REGUI REHE?_TS:

2_

24

8
J

2O

16

0
,. m

0
m

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS



TASK TITLE:

TASK OBJECTIVE:

TASK DESCRIPTION SHEET

PERFORM POST FLIGHT C/0 -- I,_IN PROPULSION -- A_,_IE_f He PRESS. (1.1.7.1

To determine Main PropulsionStatus,

TASK PURPOSE: To verif_ functional inte_rit_ and interface of main propulsion

components I verify pur_es, perform leak checks and to calibrate transducers.

TASK LOCATION:

TASK EQUIPMENT:

TPF/KSC and PPF/WTR

12h Cradles 148

183 Transnorter 18_

191 Workstand Kit 161

118 Checkout Cable Kit 117

127"

155

MANPOWER _QUI REMENTS:

INTERFACE REQUIREMENTS:

Data N_t Test Set

Comm. Test Set

Power Sys Test Set

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

189

Si_nalCond Unit

Lhbilical Kit

Pron Pneumatic_Console

C/O _cces_ Kit

_nvirQn Coolin K

16 H-HRS

0 Iq-HRS

8.5 M-HRS

8.5 M-HRS

8.5 M-HRS

0 M-HRS
i

o H-HRS



TASK DESCRIPTION SHEET

TASK TITLE: PERF0}LM POST FLIGHT C/O - :_.IN PROPULSION - C0LD He PRESS. (1.1.7.2)

TASK OBOECTIVE: ?o determine Main Propulsion Status.

,| , .... ,

TASK PURPOSE: To verity functional integrity and interface of main propulsion

components, verify purges, perform leak checks, and to calibrate transducers.
i i i . |i i i • , i i i

TASK LOCATION:

TASK EQUIPMENT: Si_,nal Cond Unit

Umbilical Kit

161 Prod Pneumatic Console

TPF/KSC and PPF/WTR

124 Cradles 148
i , | •

183 .Transporter .... 185

191 Workstand Kit
i i

118 Checkout Cable Kit i17 C/O Access _i_

119
i

127 Data :_t Test Set. 180 Environ Cool Unit

Propellant or Pnet_natlc

Cgr_. Test Set 163 Cznt_ole

155 Power SMs Test Set

MANPOWER REQUIREMENTS: PROPULSION TECH 17 M-HRS
i i i

MECHANICAL TECH 0 M-HRS
i

AVIONICS TECH 8.5 M-HRS
• ii

ENGINEERING L , 8 .,5 M-HRS

QUALITY CONTROL , 8" 5 H-HRS

SAFETY o M-HRS
i i

OTHER o M-HRS

INTERFACE REQUIREMENTS:



TASK DESCRIPTION SHEET

TASK TITLE: PERFORM POST FLIGHT C/O - MAIN PROPULSION - AUTOGENOUS PRESS.(1.1.7.3)
J,

TASK OBJECTI t.,.:To determine Main Propulsion Status
m,

TASK PURPOSE

components,

To verify functional integrity and interface of main propulsion

•-:ify purges, perform leak checks, and to calibrate transducers.

TASK LOCATIO,,

TASK EQUIPMEnt...

TPF/Y_C and PPF/WTR

12h Cradles lh8

183 Transporter 185

191 Workstand Kit 161

118

137

MANPOWERREQU.... REMENTS:

Checkout Cable Kit 117

Data MgtTest Set 180

119 CommTest Set

155 Power Sys Test Set

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

INTERFACE RE[._ :REMENTS:

163

Signal Cond Unit

Umbilical Kit

Prop Pneuratic Console

C/O Access Kit

Environ Cool Unit

Prop or Pneumatic Control Console

,, ...

17 H-HRS

o M-HRS

8.5 H-HRS

8.5 M-HRS

8.5 M-HRS

0 M-HP,.S

0 M-HRS



TASK DESCRIPTION SHEET

PERFORM POST FLIGHT C/O -- MAIN PROPULSION -- ZERO NPSH (i.I.7._)
TASK TITLE: ...........

TASK OBJECTIVE: To determine Main Propulsion Status.

TASK PURPOSE: To verify functional integrity and interface of, main propulsion

components, verify purges, perform leak checks and to calibrate transducers.

TASK LOCATION: TPF/F_C and PPF/_FR

TASK EQUIPMENT: 121; Cradles lh8 Si_.nal Cond Unit

183 Transporter 185 Umbilical }_t

191 Workstand Kit 161 Prop Pneumatic Console

118 C/0 Cable Kit 117 C/0 Access Kit

127

119
n

155

MANPOWER REQUIREMENTS:

INTERFACE REQUIREMENTS:

Data ,t'_,zt Test Set 180

Conm Test Set 163

Environ Cool Unit

Prop or Pneumatic Control Console

Pover Sys Test Set
a

PROPULSION TECH 16 M-HRS

MECHANICAL TECH o M-HRS

AVIONICS TECH 8 M-HRS

ENGINEERING 8 M-HRS

QUALITY CONTROL 8 M-HRS
L

SAFETY o M-HRS

OTHER o M-HRS



\

TASK DESCRIPTION 3HEET

TASK TITLE: PER,._PM POST FLICRT C/O -- ADS -- MONOPROPELL_-BLO_DO_ (i.i.7.5)

TASK OBJECTIVE: To determine APS status.

i =, , , • , , J

TASK PURPOSE: , To verifY functional integrity, and, ,,int. erface,, of. APS eoml_,nent.s.

_erform leak checks. _ ...........

T_K LOCATION: TPF/KSC and PPF/WTR

TASK EQUIPMENT: 12h Cradles 161 Prop Pneumatic Console

183 TranspoKter 127 .Data T!_t Test Set

191 _rkstand Kit 119 ..Comm..Tes%...Se_

163 Prop or Pneu Contr.Cons.l_ Power Svs Test Set

iii ACPS Breakout Box 148 SiFnal Cond Unit

lit C/O Access Kit , , 185 L_bi_ica_ Kit

!18 C/0 Cable Kit ..... 180 Environ Cool,_pit

MANPOWER REQUIREMENTS: PROPULSION TECH lh N-HRS
i

MECHANICAL TECH 0 H-HRS
,,u i

AVION%CS TECH 7 M-HRS

ENGINEERING T M-HRS

•QUALITY CONTROL 7 M-HRS

SAFETY 0 H-HRS
, H , ,

OTHER o M-HRS

INTERFACE REQUIREMENTS:

n ,



TASK DESCRIPTION SHEET
/

TASK TITLE: PE_FOe_ POST FLIGHT. C/O -- APS -- MDNOPROPELLAZ_-PRESSURIZ_ (i...'v,.6)
-- - _ i | .t i , i . , i,

TASK OBJECTIVE: To determine APS s%atus.
. ,m u u m

TASK PURPOSE: To verify functional integrity and interfaces of APS components

and .p.erform leak, ,, checks.

TASK LOCATION:

TASK EQUIPMENT:

TPF/KSC and PPF/WTR

12h Cradles

183 Transporter

191 Workstand Kit

Prop or Fzeuma_ic
163 Control Consqle

, 161 Prop Pneur.atic Console

127 Data '_t Test Set
" "r

119 Corm Test Set
L

155 Power Sys Test Set

iii ACPS Breakout Box
, i

117 C/O Access Kit

lh8 Signal Cond ;!nit

118 C/O Cable Kit
, ,i i

185 Umbilical Kit

MANPOWERREQUIREMENTS:

180 Environ Cool Unit

PROPULSION TECH

MECHANI_L TECH

AVIONICSTECH
ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

26
. i ,i i

0
• i i . i ,

13

13
1

13

0

0

M-HRS

H-HRS

H-HRS

M-HRS

M-HP_

H-HRS

H-HRS

INTERFACE REQUIREMENTS:



TASK DESCRIPTION SHEET

TASK TITLE: PERFORM POST FLIGHT C/O -- APS -- BIPROP-_[2 (!.1.7.7)
,i ii,•

TASK OBJECTIVE: To determine APS status.

i

TASK PURPOSE: To verif Z functional inte_ritz a,m,dinterface of APS

components and perform leak ,checks

TASK LOCATION: TPF/KSC and PPF/WTR

TASK EQUIPMENT: 12h Cradles 161

183 Transporter 127
, ,m

Prop Pneumati q Console

Data Y%t Test Set

191 _orkstand Kit, lip

Prop or Pneumatic
163 cnntrnl enn_nl. 155

IIi ACPS Breakout Box lh8

Con Test Set

Power S_s Test Set

Signal Cond Unit

i%7

118

MANPOWER REQUIREMENTS:

C/O Access Kit 18_

C/0 Cable Kit ,, 180

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

Umbilical Kit

EnvironCool Unit

26 M-HRS

0 M-HRS

13 M-HRS

13 M-HRS

13 M-HRS

0 M-HRS

0 M-HRS

INTERFACE REQUIREMENTS:



TASKDESCRIPTION :_HEET

TASK TITLE: P_RFOP_M POST FLIGHt2 C/O -- _/_S -- CRYOG-Z_IC (I. i. 7.8)
, • • , , , L

TASK OBJECTIVE: To cletenntne APS s_atus
i t _i ,

i ,, ,,,| i , ,,

TASK PURPOSE: To verify functional integrity and, interface of APS components

and perform leak che,cks I inspect turbo pump bearin_.s _-.ndshaft torcues

TASK LOCATION:

TASK EQUI PMENT:

TPF/KSC and PPF/WTR

124 Cradles

183 Transoorter
• , "| i

• . . ..... ,,,

161

12T

Prop Pneumatic Console
i

Data _._gtTest Set

191 Workstand Kit
L ' a

Prop or Pneumatic
163 C.n_t_1 Console

iii

117 C/O Access Kit

118 C/O Cable Kit

MANPOWER REQUIREMENTS:

119 Comm Test Set

155 Power Svs Test Set

ACPS Breakout Box 148 Signal Cond Unit

1,85,

180

Umbilical Kit

Environ Cool Unit
., ,, ., L

PROPULSION TECH 32 M-HRS

MECHANICAL TECH 0 M-HRS
i

AVIONICS TECH 16 M-HRS

ENGINEERING 16 M-HRS

QUALITY CONTROL 16 M-HRS

SAFETY o M-HRS

OTHER o M-HRS

XNTERFACE REQUIREMENTS:

L_

-,ze ,.Z)-x-s.T.a'



TASK DESCRIPTION SHEET

TASK TITLE: PERFORM POST FLIGHT CHECKOUT -- AVIONICS (1.1.7.9)
, , ,,,

TASK OBJECTIVE: To determine avionics status
., i i|l i ml .| i

TASK PURPOSE:

, , , , , , ,,,,

To verify functional integrity and interface of avionics

components and perform required calibration

156 Prim Batt C/O _it

TASK LOCATION:

TASK EQUIPMENT:

302, 3o_, 307

Sof't, vare

Computer

Programs

TPF/KSC and PPF/WTR 121

12h Cradles lh8

183 Transnorter 169

191 Workstand Kit lhh

118 Cable Kit 168

119 Comm Test Set ITh

Comsec Equi_t

Signal Cond Unit

Tug Simulator

Lazar Radar C/0 K_t

Spacecraft Simulator

Star Tracker Sim

127 Data r,_t Test Set I_9 Orbiter Simulator

155 Po_er Sys Test Set 180 Environ Cool Unit

MANPOWER REQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

o M-HRS

0 M-HRS

hS. 5 M-HRS

69 M-HRS

i0 M-HRS

0 M-HRS
e li

o M-HRS
i

INTERFACE REQUIREMENTS:



TASK DESCRIPTION SHEET

TASK TITLE: PERFORM POST STORAGE C/O - MAIN PROPULSION - _i_'iTr He PRESS. (I.i.8.'_.

TASK OBJECTXVE: To determine Main Propulsion Status
, ,, , ,,

TASK PURPOSE: To verify functional integrity and interface of main propulsion

components, verify purges, perform leak checks and to calibrate transducers
L I I • , I , ' I ' I ' I

L ] ' ' ' ' "

TASK LOCATION: TPF/KSC ana PPF/WT_

TASK EQUIPMENT: 12_ Cradles i_8 Si<nal Cond [Tnit

, ,, S183 Transnorter ,, _8_ L_bilical Kit

191 Workstand Kit 161 Pron Fneum.atic Console

118 Checkout Cable Fit I17
L '

127 L Data V{_L. Test Set ,180

C/O Access Kit

Environ Cooling

119 Comm Test Set

155 Power S2rs Test Set

MANPOWER REQUIREMENTS: PROPULSION TECH 60

I_CHANXCAL TECH o

AVIONICS TECH 30

ENGINEERING 30

QUALITY CONTROL 30

SAFETY o
i

OTHER 0

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

INTERFACE REQUIREMENTS:



TASK DESCRIPTION SHEET

TASK TITLE: PERFORM POST STORAGE C/O - MAI'N PROPULSION - COLD He PRESS. (1.1.8.2)

TASK OBJECTIVE: To deterecLne Main Prop,_ston Stat.,us,

I , , i

TASK PURPOSE: To verify functional Inte_rit 7 and ,interface of Main Propulsion

components: verify purges, perform leak checks and to calibrate transducers.

in

,i

i

TASK LOCATION: TPF/K_C and PPF/NTI_

TASK EQUI PMENT: 12h Cradles lh8

183 Transporter 185
l

191 Workstand Kit 161

Signal Cond Unit

Umbilical Kit

Prop Pneumatic Console

118 Checkout Cable .Kit i17 C/0 Access Kit

127

119
T

155

MANPOWER REQUIREMENTS:

Data V_gt Test Set 180 Environ Cool Unit

Co_ Test Set 163
Prop or Pneumatic Control

Console

Power Sys Test Set
ii mR

PROPULSION TECH 68 M-HRS

MECHANICAL TECH 0 M-HRS

AVIONICS TECH 3h M-HRS

ENGINEERING 3_ M-HRS

QUALITY CONTROL 3h M-HRS

SAFETY 0 M-HRS
i ii

OTHER o M-HRS

INTERFACE REQUIREMENTS:



TASK DESCRIPTION SHEET

TASK TITLE: PERFORM POST STORAGE CHECKOUT - MAIN I_ROPULSION - AUT(_Eq_OUB PRESS. (I. i. _.

TASK OBJECTIVE: To determine Main Prop ul,to.n Status,.....

, m | , ,

TASK PURPOSE: To verify functional integrity and interface of ma/n propulsion

_I_men_s, verify pwrges, perfoz_n lea_k checks to c_2_Ibrate transducers.
,n nu , nm • n , n * n I n n

TASK LOCATION: TPF/KSC and PPF/WTR

TASK EQUIPMENT: 12h Cradles lh8
, , n, ,,

Sifnal Cond Unit

18_ L_bilical Ki t

191 Workstand Kit 161 Prow Pneumatic Console

118
, u

Checkout Cable Kit 117..C/O Access Kit

127 qata._t Test Set 180

119 Cozn Test Set 163,

Environ Cool Unit

Prop or Pnet_natic Control
Console

155 Pover SZs Test Set

MANPOWER REQUIREMENTS: PROPULSION TECH 5h

MECHANICAL TECH o
J [

AVIONICS TECH 27
u

ENGINEERING 27

QUALITY CONTROL 27

SAFETY o
IL i i

OTHER o
L I I I

M-HRS

M"-HRS

M-HRS

M-HRS

H-HRS

M-HRS

M-HRS

INTERFACE REQUIREMENTS:



TASK DESCRIPTION SHEET

TASK TITLE: PERFORM POST STORAGE CIO - MAIN PROPULSION - ZERO NPSH (l.l.8.h)
i i .i

TASK OBJECTIVE: To determine Main Propulsion Status
, .i . l,,m i ,i i

TASK PURPOSE: To verify functional integrity and interface of main propulsion
IL i i |i -- :

components, verify purges, perform leak checks, and to calibrate transducers.
i i| i i ii mn i

TASK LOCATION:

TASK EQUIPMENT:

TPF/KSC and PPF/WTR
l i,i i i | i , • m, J|m

12h Cradles lh8

_185 Transnorter 185

l_O! Workstand Kit 161

118 C/O Cable Kit !i T

12T

155

MANPOWER REQUIREMENTS :

INTERFACE REQUIREMENTS:

] , i

Signal Cond Unit

Umbilical Kit

Pron _ne_matic Console

Data Vgt Test Set

¢0.,-_,Test Sqt

Power Sys Test Set

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

180

163
i i

,iJ |,, ,|iii,, i

52

0
i i i i

26

26

26

C/O Access Kit

FDviron Cool Unit

Prop or Pneumatic Control
Console

0
Ji • ,ira

0

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS



TASK DESCRIPTION SHEET

PERFOP_M POST STOKAOE C/0 -- APS -- MONOPROPELLA_TT BLO'_DOWN (I.I.S.5)TASK TITLE:
- | : ,, ,, ,. |. i i

TASK OBJECTIVE: To determine As?S status
i i ml, • J .i

TASK PURPOSE: To verify functional integrity and interface,,of ,APS component,s,

perform leak checks

, , , ,, •

TASK LOCATION: TPF/KSC _nc _PF/:_R

TASK EQUIPMENT: ip_ Cradles 161 P_ _n_u_t_. Console

183 Transwortcr,, ,

191 _,7orkstand Kit

Prop or Pne'_.atic
163 Control Console

,, lp7 .D_+_ ,'.'=e_,._÷ Set
,w

119 Corm Test Set

155 Power Sys Test Set

iii ACPS Breakout Box
, L •

lh8 Signal Cond Unit

117 C/O Access Kit 185 Umbilical Kit
i

118 C/O Cable Kit 180 Environ Cool Unit

MANPOWER REQUIREMENTS: PROPULSION TECH 22 M-HRS

MECHANICAL TECH o M-HRS

AVIONICS TECH II M-HRS

ENGINEERING Ii M-HRS

QUALITY CONTROL iI M-HRS

SAFETY 0 M-HRS

OTHER o M-HRS

INTERFACE REQUIREMENTS:

9



TASK DESCRIPTION SHEET

TASK TITLE: PERFORM POST STORAGE C/O - APS - MONOPROPELL_{T PRESSURIZ_ (1.1.8.6)
i i • i i i , ,i | ,i ,J • i

TASK OBJECTIVE: To determine APS status
lq

ii, m J m i , |, i i i , •

TASK PURPOSE: ,,To verify ,f,_,,,mctional integrity and int,erfac,e of, APS components

.and. perform leak checks

TASK LOCATION:

TASK EQUIPMENT:

,i

TPF/KSC and PPF/WTR

12h Cradles

183 Transporter
i

191

163

iii

lIT C/O Access Kit
,i i , m,|

118

MANPOWER REQUI REMENTS:

Workstand Kit
L

Prop or Pneumazic

161 Prop Pne_mmtic Console

.Control Console

ACPS Breakout Box

C/O Cable Kit

127

119

Data :t_t Test Set

Comm Test Set

155 Pover Sys Test Set

lh8 Signal Cond Unit

. . , , ,

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

185 Umbilical Kit

180 Environ Cool Unit

INTERFACE REQUIREMENTS :

| , i

36 M-HRS
t

0 M-HRS
1

18 M-HRS

18 M-HRS

1'8' L M-HRS

o M-HR5
i iq m

o M-HRS



TASK DESCRIPTION SHEET :

TASK TITLE: PERFORM POST STORAGE C/O - APS - BIPROPELLANT (1.i.8.7)
, ] i ,i ,i m |i ',

TASK OBJECTIVE: To determine, APS status ....

_ |, i ,i , ,i • ' ' "'

TASK PURPOSE: To verify functional integrlty andinterface of APS components

j and perform leak checks

,, • -. - . i ,,

, ,u .. i L ., | i

TASK LOCATION: TPF/IC_C and PPF/_R

TASK EQUIPMENT: 12h Cradles 161
u i i , i i ,

183 Trar_9orter 163

Prom ,Pne_&-@tic Console

Prop or Pneumatic Contrcl Console

191 Wo,rkst and Kit

i01 ACPS Mod Pres Kit

ill ACPS Breakout Box

i17 C/O Access Kit

118 C/O Cable Kit 180 Environ Cool Unit
i , | i

MANPOWER REQUIREMENTS:

INTERFACE REQUIREMENTS:

PROPULSION TECH 50 M-HRS

MECHANICAL TECH o M-HRS
i i

AVIONICS TECH 25 M-HRS

ENGINEERING , , 25, __, M-HRS

QUALITY CONTROL 25 M-NRS

SAFETY o M-HRS
i i i, i , ,1, ,

OTHER 0 M-HRS
i i ,, i



TASK DESCRIPTION £HEET

TASK TITLE: PERFORM POST STORAGE C/O - APS - CRYOG;_ZIC (1.1.8.8)

TASK OBJECTIVE: To determine _ status
L || | i , II i i

e ,u i UL i| • i.

TASK PURPOSE: To verify functional integrity and interface of APS components

and perform leak checks, inspect turbo pump_ and shaft torgues
i i L _ i

. , • [., . .,

TASK LOCATION: TPF/_SC and PPF/WTR
i ,ll , • im

TASK EQUIPMENT: 12_ CFa_c_._s ,, 161 Prop Pneumatic Console

183 Transporter 127
• , LH , , .

Data ,'_t Test Set

191 Workstand Kit 119 Co_ Test Set

Prop or Pneumatic
163 Control.Conso!_ 155 Pow?F Sys Test set

iii ACPS Breakout Box 148 Signal Cond Unit

117 C/O Access Kit 185 Umbilical Kit

118 C/O Cable Kit 180 _viron Cool Unit

MANPOWERREQUIREMENTS: PROPULSION TECH

I_CHNtlO_. TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

,n

i ,

8);
|l .

0
| i i

);2

);2

h2

0
i

0
|

Iq-HRS

H-HRS

M-HP,,S

M-HRS

M-HRS

M-HP,S

M-HRS

INTERFACE REQUIREMENTS:



TASK DESCRIPTION SHEET

TASK TITLE: PERFORM POST STORAGE C/O - AVIONICS (1.1.8.9)
• • i, |i i ,i i

TASK OBJECTIVE: To determine avionics status
i i i l

• , , | i i ,i , m , • ,

, i | , | , , ,, ,, | L

TASK PURPOSE: To verify functional integrity and interface of avionics
, i • |i ii if m

c_ponents and perform required calibration.
i , i • i

TASK LOCATION:

TASK EQUIPMENT:

3O2, 3Oh, 305

& 307 COMPUTER

PROGRAMS

, • , • ,, i

TPF/KSC and PPF/WTR
I,L I I

127 Cradles
• i I i . .

183 Transporter
i ,.

191 Workstand Kit

118 Cable Kit

119 Comm Test Set
un

127 Data M_t Test Set
........ i

155 Power Sys Test Set
• L L

156 Prim Batt C/O Kit
m,

121. Comsec Equipt ,.

159 Prop Utility Comp Test Set

lh8

169
,, i | i i

149

Signal Cond Unit

T-_ Sim:a!at or

Orbiter Simulator

168

iT4

Spacecraft Simulstor

Star Tracker Sim

L '

180

,, ,, ]

Environ Cool Unit

MANPOWER REQUIREMENTS: PROPULSION TECH o
m m i i

MECHANICAL TECH o
i i

AVIONICS TECH 327
i i ii i

ENGINEERING 99.5
e • i

QUALITY CONTROL lO
i

SAFETY o
i i i

OTHER o

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

INTERFACE REQUIREMENTS:

./



TASK DESCRIPTION SHEET

TASK TITLE: PI_FO_ N'ff¢ TUG _/0 - MAIN PROPULSION - AMBIENT He PRESS. (1.1.9.1)
,i i i

TASK OBJECTIVE: To determine Main Propulsion Status
• _ i i i . , ,

i i i

i

TASK PURPOSE: To verify functional integrity and interface of Main Propulsion
1 H ,i i i ,

components, verify purges, perform leak checks, and to calibrate transducers.
i , ,,, ,, , , ,,

, , m , ,, , ,,,

TASK LOCATION: TPF/KSC and PPF/WTR
• ,m

TASK EQUIPMENT: 121, Cradles 148 Signal Cond Unit

183 ,Transporter , 18_ Umbilical Kit

191, Workstand Kit L , 161 Pro_ Pneumatic Console

118 Checkout Cable Kit i_17.....C/.0.Access Kit

12T, ' Data '!_t Test Set L .

i19 Con_m Test Set , .

180 _nviron Coolin_

Prop or Pneumatic

163, Control Console

155 Power Sys Test Set

KANPOMER REQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

6o
i

0

3O
i

....30

30

0

0
i i ii

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

INTERFACE REQUI RENENTS:



TASKDESCRIPTIONSHEET

TASK TITLE: PERFORM NEW TUG C/O - MAIN PROPULSION - COLD He PRESS. (1.1.9.2)

TA_K OBJECTIVE: To determine Main Propulsion status,
i ii ii i m i

,n i , • ,• nm| i m nun n

u nil m i i nu i n n'l i

TASK PURPOSE: To verify functional integrity and interface of Main Propulsion

components, verify purges, perform leak checks and to calibrate transducers
, i i ,,| ...... ,,

• m, • _ , , , | n

V

TASK LOCATION: TPF/KSC and PPF/WTR

i |_ m" ii

TASK EQUIPMENT: 12_ Cradles
i im i

in8
| L J m

Signal Cond Unit

183 Transporter
l

185 Umbilical Kit
m

191 Workstand Kit 161
• |, ,

Prop Pne'_.atic Console

118 Checkout Cabl,e Kit 117 C/O, Access Kit

127 Data Mgt Test Set 180 Environ Cool Unit
, • i

Prop or Pneumatic
119 Comm. Test Set 163 Contr_] Cnns_]p

155 Power Sys Test Set
.... |i

MANPOWER REQUIREMENTS: PROPULSION TECH 68

MECHANICAL TECH o
, |, i

AVIONICS TECH 3_

ENGINEERING , , 3_ ....

QUALITY CONTROL ,.. 3_

SAFETY 0
,, m

OTHER o
'L |

M-HR,S

M-HRS

M-HAS

M-HRS

M-HRS

M-HP,S

N-HRS

INTERFACE REQUIREMENTS:



TASK TITLE:

TASK DESCRIPTION SHEET

PERFOP44 I_EW _"_JGC/O - PgLIN PROPULSION - AL"VOG_OUS PRESS. (i.I. 9-3 )

TASK OBJECTIVE: To determine Main Propulsion Status
,i,i i i T

i , , , , ,, ,

TASK PURPOSE: To verif7 functional integritM and interface of Main Propulsion

ccm,1)onents, veri._y ?urges.+ perform leak checks and to calibrate transducers...

,,L ,L t ' t J_ "

L

TASK LOCATION:

TASK EQUIPMENT:

TPF/KSC and PPF/WTR
• ,i i n

12h CraNes
m,

, lh8 Sienal Cond Unit
, , " , , , t ,, ,

183 .Transporter 185 tknbilic al Kit

191 _Iorkstand Kit 161 Pron Pneumatic Console

318 LCheckout Cable Kit 117 C/O Access Kit

127 Data M_t Test Set 180 Environ Cool Unit

119 Comm Test Set
,, i l

163
Prop or Pneumatic
ContrQl Console

155 Power Sys Test Set

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

MANPOWERREQUIREMENTS:
,i

0
i n I I n

27

27

27

0

0

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

INTERFACE REQUIREMENTS;



TASK DESCRIPTION SHEET

TASK TITLE: PERFORM _ TUG C/O - :,_ZN PROPULSION - Z_O NPSH (1.1.9. h)
t t . , .,, . LI

TASK OBJECTIVE: To determine Main Propulsion Status
m t i,

• l, | | , , t • i , it ,

TASK PURPOSE: To verify functional integrity and interface of main propulsion
i, , , •

components, verify purges, perform leak. checks, and to calibrate transducers.

i , ,,,, i , , [

TASK LOCATION: TPF/I_C and PPF/_?R
t m_ L L

TASK EQUIPMENT: 12h Cradles lh8

183 Transporter 185

, | ,| ,,

Signal Cond Unit

Umbilical Kit

191 Workstand Kit 161

118 C/0 Cable Kit 117

127 Data Mgt Test Set 180
, , | |, , , , l

ll9 Comm Test Set 163

155 Power Sys Test Set
t • ,u , ,

Prop Pneumatic Console

C/O Access Kit

Environ Cool Unit

Prop or Pneumatic

Control Console

MANPOWER REQUIREMENTS: PROPULSION TECH 52 H-HRS

MECHANICAL TECH 0 M-HRS

AVIONICS TECH 26 M-HRS

ENGINEERING 26 M-HRS
, t,

QUALITY CONTROL 26 M-HRS

SAFETY o H-HRS
.... • . "'L

OTHER o Iq-HRS

INTERFACE REQUI REHENTS:



TASK DESCRIPTION SHEET

TASK TITLE: P_.-_FOP_4N_NJG C/O - AJ_S - F_IJOITROPE_ BZ_W])O_{ (I.1.9.5)

TASK OBJECTIVE: To detes"ad.ne APS status
ill i • ii

,,| •

TASK PURPOSE: To verify functional integrity and interface of APS components

And perform leak checks.

TASK LOCATION: TPF/KSC end PPF/WTR

TASK EQUIPMENT: 12h Cradles 161 Prop Pneumatic Console
l

183 Transporter 127 Data !_t Test Set

191 Workstand Kit
. |

Prop or Pneumat{c

163 , Cgnt,rol Cgnso!e

119 Comm Test Set

155 Power Sys Test Set

iii ACPS Breakout Box 128 Signal Cond Unit

117 C/O Access Kit 185 Umbilical Kit

118 C/O Cable Kit 18o
L i

Environ Cool Unit

MANPOWER REQUIREMENTS:

INTERFACE REQUIREMENTS:

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

22 M-HRS

0 M-HRS

ll M-HRS

ii M-HRS

Zl M-HRS

o M-HRS

o M-HRS



TASK DESCRIPTION SHEET

TASK TITLE: P_FO_M Z_W TUG C/O - APS - MONO_OPELLm_T - PRESST/RIZED (I,i,9.6)
• • , i |t ,, , ,., m|, , L i

TASK OBJECTIVE: To d.etermlne APS status

TASK PURPOSE: To verify functional integrity and interface of APS components
, , • ,i ,,, t . • . t

aad perform leak checks.
. ,. ,t ,.

\

TASK LOCATION:

m,, , ,

TPF/KSC and PPF/WTR

TASK EQUIPMENT: 12U. _Cradles 161 Pron Pneumatic Console

183 _ransporter .... 127 Oat%Mp_tTest Set

191 _rkstand Kit 119 Co.-un Test Set

Prop or Pneumatic

Control Console 155163 Power SITs'Te_t Set

111 ACPS Breakout Box 148 Signal ,Cond Unit

i17 C/,0_Access Kit 18_ Umbilical Kit

118 ,, C/O Cable Kit 180 ,Pnvlr,on Cool Unit

MANPOWER REQUIREMENTS: PROPULSION TECH 36 M-HRS

MECHANICAL TECH o M-HRS

AVIONICS TECH 18 M-HRS

ENGINEERING 18 M-HRS
IL I

QUALITY CONTROL 18 . H-HRS

SAFETY 18 N-HRS

OTHER o M-HRS

INTERFACE REQUIREMENTS:
/,



TASK DESCRIPTION SHEET

TASK TITLE: PERFOIM NEW TUG C/O - APS - BIPROPELLANT (1.I.9.7)
, ,, ,, ..... , , , ,,,,

TASK OBJECTIVE: To determine A_S status

,[ , , ,, ,, , , - ,,, i

TASK PURPOSE: To verify functional integrity and interface of APS components

and perform leak checks
I , L .

| . ,.

TASK LOCATION:

TASK EQUIPMENT:

IL | i , |,

TPF/KSC and PPF/WTR
, ,i IL , . •

124 Cradles

183 Transporter ,. 12T

Prop Pneumatic Console

Data ?.[qt,Test Set

19z _Jo_ks}and mt Zl_
Prop or Pneumatic

163 Control Console 155

Cor_n Test Set

Power Sys Test Set

iii. ACPS Breakout Box lh8 Signal Cond Unit

lit C/0 Access Kit 185 Umbilical Kit

118 C/O Cable Kit 180 _nviron Cool Unit

MANPOWERREQUI RENENTS: PROPULSION TECH 5o M-HRS

MECHANICAL TECH o M-HRS

AVIONICS TECH 25 M-HRS

ENGINEERING 25 M-HRS
ii

QUALITY CONTROL 25 M-HRS

SAFETY o M-HRS

OTHER o M-HRS
i ,L ii I L I , i

INTERFACE REOUIREMENTS:

L



TASK DESCRIPTION S_EET

TASK TITLE: 'P_FOR,M :;_w TUG C/o - APS C.RYOG_'ZC (1.1.9.8)
i i ii i i i i i , | ml |

TASK OBJECTIVE: To eetermine Ski'S st,tus
,i m i • ,

m | - .. , i, •, i i , , , ,i m,, !

i i ,, ,i ,, , • , • |

TASK PURPOSE: To verif_ functional integrity and..interface ,of APS component.s,

perform leak checks, inspect turbo pump bearings _and. check shaft torcue.

TASK LOCATION: TPF/KSC and oPF/WTR

TASK EQUIPMENT: 12h Cradles
: , ,,, [ • ,,

183 Transporter

L ,, , J ,, , L

161 Prod Pne_r.atic Console

127 Data _t Test Set

191 Workstand Kit

Prop or Pneumatic

163

119 Comm Test Set

Con%,rpi Console 155 Power Sys Test Set

iii ACPB Breakout Box lh8 Signal Cond Unit
, il • J , ,, • |

i17

118 C/0 Cable Kit
, u

C/O Access Kit 185 Umbilical Kit

180 Environ Cool Unit

MANPOWER REQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECN

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

8}_

0
i i i

Z_2
i i

_2

h2

0

0

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

INTERFACE REQUIREMENTS:

i



TASK DESCRIPTION SHEET

TASK TITLE: PERFORM NEW TUG C/O - AVIONICS (1.1.9.9)

TASK OBJECTIVE: To determine avionics status
,nl

i

i¸ i

tI ,

,, I | , • , ,l , ,| , | , ....

TASK PURPOSE: To verify functional integrity and interface of avionics

components and perform required calibration

159 . PU Component Te§t let

TASK LOCATION:

,,,, , | • ,i ,

TPF/KSC and PPF/WTR
L.m, l l

, I_6 Prim Batt C/0._it. '

.121 Comsec EquiDt

TASK EQUIPMENT: 12h Cradles lh8 Signal Cond Unit

183 Transnorter 169
• 302, 3Oh, 305 .....

i_8& 307 COMPUTER l_l Workstand. Kit

PROGRAMS 118 ,Cab_ e Kit , , , 168

Simulator

Orbiter Simulator

Spacecraft Simulator

119 Comm Test Set ITh Star Tracker Sire

127 Data Mgt Test.Set .

155 Pqver SFs. Test Set 18o ._nviron .C_ool Unit

MANPOWER REQUIREMENTS:

INTERFACE REQUIREMENTS:

PROPULSION TECH o

MECHANICAL TECH o
I

AVIONICS TECN .... bS.,_,,

ENGINEERING , 6_

QUALITY CONTROL zo

SAFETY o
J •

OTHER o
L i i 1

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS



TASK DESCRIPTION SHEET

TASK TITLE: PREPAEE/U?DATE _4&B SCKEDULE (1.1.10)

TASK OBJECTIVE: To provide final update of M&R schedule prior to accomollshing

unscheduled N_R tasks
i , i

TASK PURPOSE: Incorporates unscheduled H&R requirements resulting from post

flight/receiving inspection and post flight, post storage, and new tu_ checkout.

TASK LOCATION:

TASK EQUIPHENT:

TPF/KSC and PPF/WTR

127 Data _4gt Test Set

i

i

MANPOWER REQUIREMENTS:

INTERFACE REQUIREHENTS:

PROPULSION TECH o H-HP,S

MECHANICAL TECH o H-HRS

AVIONICS TECH o H-HAS

ENGINEERING lh M-HAS

QUALITY CONTROL _ _ H-HAS

SAFETY h H-HAS

OTHER o H-HAS

V



TASK TITLE:

TASK DESCRIt'TION SHEET

PERF0_M STRUCTUR_/:,._!A/II,,AL M&R (i.i.Ii)

TASK OBJECTIVE: To correct structure/mechanical subsystem discrepancies

TASK PURPOSE: This task is primarily concerned vith the performance of unscheduled

M&R tasks reouired to maintain/restore the Space Tug to satisfactory condition.

The magnitude of this task will vary with the configuration and each individual

mission.

TASK LOCATION:

TASK EQUIPMENT: 12h

19!.

TPF/[_C and PPF/_R

Cradles

Transporter

Work@tand Ki%. ,

MANPOWERREQUIREMENTS:

INTERFACE REQUIREMENTS:

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

0

_.T

0

0

0

0

0

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

.Z



TASK TITLE:

TASK DESCRIPTION SHEET

PERFO_LM PROPULSION M&R (1.i. 12)

TASK OBJECTIVE: To torrent Propulsion subsystem discrepancies
.... L

TASK PURPOSE: Tbls task is wrimarlly concerned with the _erformance of unscheduled

M&R tasks required to malntain/restore t,he Space Tug t,q..an•operable condltion.

The, magnitude of this task will vary, with the configuration and each individual

missions.

TASK LOCATIOI(: TPF/KSC and _-PF/WTR

TASK EQUIPMENT:
124 Cradles

!83 Transporter
i i m i ,i i

160 Prow Conw Reoair Y_t
, | , | • I -

191 _rkstand Kit

130 Engine Actuation Fixture

131 Engine Align Kit

132 Engine Handling Kit
, Jl,

133 Engine Position Fixture

;MANPOWER REQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

14 M-HRS

o M-HRS

0 M-HRS

0 M-HRS

0 M-HRS
_ , , , , ,

0 M-HRS
ii i i i , i i

0 M-HRS
IL

INTERFACE REQUIREMENTS:

,-/;z.s,-



TASK DESCRIPTION SHEET

TASK TITLE: PERFO_4 AVIONICS M&R (1.i.13)

TASK OBJECTIVE: To correct avionics subsystem discrepancies

TASK PURPOSE: This task is prim.ar.ily concerned with the oerformance of

unscheduled M&_R tasks reeuired to maintain/restore the Space Tu_, to an operable

condition. The magnitude of this task will vary with the confi_ulration and

each individual mission.
,=

TASK LOCATION:

TASK EQUIPMENT: 124

3oh, 305 & 307 183

COMPUTER 191

PROGRAMS
115

i

142

MANPOWER REQUIREMENTS:

INTERFACE REQUIREMENTS:

TPF/KSC and PPF/_R

Cradles

Transnorter

143 Guid & Nay System C/O

Workstand Kit

Batte_ Handlinc Kit

Guid &Nav Test Set

159 PU Test Set

164 Battery C/O Kit

174 Star Tracker Test Set

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

0

0

32

O

O

0

0

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS



TASK TITLE:

TASK DESCRIPTIOH SHEET

REMOVE M&R GSE (l.l.lh)

TASK OBJECTIVE: To clear area around the Tug to permit transfer to prelaunch

aa'ea.

i

, , t

TASK PURPOSE: To disconnect and remove GSE, required durin_ M&R to a oosition

vhlch permits unobstructed movement of the Tug.
J

TASK LOCATION: TPF/KSC and PPF/WTR
, |

TASK EQUIPMENT: 12h Cradles

183 Transporter

191 Workstand Kit

m

MANPOWER REQUIREMENTS:

INTERFACE REQUIREMENTS:

PROPULSION TECH o M-HRS

MECHANICAL TECH h M-HRS

AVIONICS TECH . o. M-HRS

ENGINEERING o M-HRS

QUALITY CONTROL .5 M-HRS

SAFETY . .0 M-HRS

OTHER 0 M-HRS

,D-/72



TASK TITLE:

TASK DESCRIPTION SHEET

i

RECEIV_ FSE AT TPF/PPF (1.1.15)

TASK OBJECTIVE: To physically enter FSE into the M&R cycles. This task anl

subsequent tasks consider (I) New FSEi (2) FSE from post landing opera:ions
i ,L I I ,

and (3) FSE from storage.
m, i w, i i u , |

L J •, ,,, , • ,, i

TASK PURPOSE: To inventory FSE_ nre_e_'e routin= ta_s and transfer FSE _O am

prourtate work area.

TASK LOCATION:

TASK EQUIPMENT:

, • ,, i

TPF/F_C and PPF/WTR

13h Eauipt Van

MANPOWER REQUIREMENTS:

• , , ,,

PROPULS ION TECH o M-HRS

MECHANICAL TECH 3 M-HRS

AVIONICS TECH o M-HRS

ENGINEERING o M-HRS
i

.QUALITY CONTROL o M.HRS

SAFETY o M-HRS
| i ,,

OTHER 3 M-HRS
. ii

INTERFACE REQUIREMDk_-i"



TASK DESCRIPTION SHEET

TASK TITLE: PREPARE FOR I:_SPECTION (1.1.16)
, i |

TASK OBOECUVE: Perform those tasks required to facilitate inspection

r ' , , , t ' ' ' .... | '" m L ,, ,

TASK PURPOSE: Separate tilt table from Tu_, clean FSE external surface,

position/connect GSE and perform self check.
i i • n , ii i i i n • i L

TASK LOCATION:

TASK EQUIPMENT:

,,, l

TPF/KSC and PPF (WTR)

12h Cradles

, , ,l ,,

183 ,Transportq

191 .%Corkstand Kit

181 T,ilt,Table I!and!in_ Kit

J

.MANPOWER REQUIREMENTS:

INTERFACE REQUIREMENTS:

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

o M-HRS

1,(_ M-HRS

0 M-HRS

o M-HRS

0 M-HRS
i

_M HRS

M-HRS0

Ju_



TASKDESCRI?TIONSHEET

TASK TITLE: PERFORM FSE POST FLIG}{T/RECEIV_ZG INSPECTION (1.1.17)

TASK OBJECTIVE: To determine FSE physical condition, installation integrity

and FSE status where instrumentation is not feasible.
, J, , t , , ,i,, , ,,, , ,

TASK PURPOSE: To identifyunscheduled M&R requirements not previously identified.
, , , i •

| . ,,, ,

TASK LOCATION:

TASK EQUIPMENT:

TPF_KSC and PPF/WTR

MANPOWER REQUIREMENTS:

INTERFACE REQUI REMENTS:

i |, • ,i e , , i l i

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFITY
OTHER

i i i ,

II. 5
i ,

12

0

16

O
L 'L i ,

0

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS
f

• 'Li

•,k_ j.p¥ _ .,



TASK DESCRIPTION SHEET

TASK TITLE: ,,,PR_PAR,E/UPDATEH&R SC_UL E (I.1.181

TASK OBJECTIVE: Tp provi4e final u_date of M&R schedule Prior _o accomolishin__

unscheduled M&R tasks. '.......

• | • n ,

TASK PURPOSE: Incorporates unscheduled M&R reaulr_ents resultin_ from Post

_Flight/Receiving Ins.pecti.on and Post F!i_ht I post storage I and New Tu_ Checkout.

• , , n ,, , ,

_ • i¸ , • - i,, L

TASK LOCATION: TPF/Ksc and PpF/,_

TASK EQUIPMENT: 127 Data :._;t Test Set

J._8 C/O Cable Kit (Partial)
,,,,, i

, ,m m, ,, , m

MANPOWER REQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

Q

Q,,

0

I _,.

0

INTERFACE REQUIREMENTS:

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

ae. j>./¢/



TASK TITLE:

TASK OBJECTIVE:

TASK DESCRIPTION SHEET

PERFO_ FSE H&R (l.l.19)

To correct FSE discrepancies.

TASK PURPOSE: This task is primarily concerned with the unscheduled M&R

taaks required to malntain/restorethe Tug FSE to a satisfactory condition,

however, there are some scheduled M&R tasks such as cleaning fluid umbilicals.

ii m

TASK LOCA]TION:

TASK EQUIPMENT:

TPF and LOX Clean Facility/KSC and PPF and LOX Clean Facility/'.q"B

160

181

Prop Component Renair Kit

Tilt Table Fixture

MANPOWER REQUIREMENTS:

INTERFACE REQUIREMENTS:

, ,,, ,

PROPULSION TECH _p_ M-HRS

MECHANICAL TECH 16 M-HRS

AVIONICS TECH _,_ M-HRS

ENGINEERING o M-HRS

QUALITY CONTROL o M-HRS

SAFETY o , ,, M-HRS

OTHER o M-HRS
J

• 9. J>'./r=a



TASKDESCRIPTIONSHEET

TASKTITLE: P1REPAt_ FOR STORAGE (1.1.20)
i L I l i •

TASK OBJECTIVE: To place the Tug in a condition whereby it,can be stored vil;h
i ii i • i ,l|,,i ii ,, ........

minimum subsystem degradation.

, ,, ,, ,

TASK PURPOSE:, This task includes battery removal, installation or dessicant
,m i l

package, cleaning the Tug, installing protective covers, etc.

l, u

TASK LOCATION: TPF/ICSC and PPF/WTR

TASK EQUIPMENT: 124 Cradles 180 Environ Cnnt._n] |_nit

183 _-_%pr...... _ ...... 1].5 _atter-r _u__n__lin= Kit

191 Workstand Kit

123 Cover-Tug

120

175

Component Protective Covers

Static Dessicant Kit

MANPOWER REQUIREMENTS:

.r

INTERFACE REQUIREMENTS:

PROPULSION TECH ......

MECHANICAL TECH 2_
i

AVIONICS TECH _ 2

ENGINEERING o

QUALITY CONTROL o

SAFETY o

OTHER o

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS



TASK DESCRIPTION SHEET

TASK TITLE: P_PA_FOR TR_iSPORT (1.1.21)

TASK OBJECTIVE: To place the Tu_ in a transportable condition

TASK PURPOSE: This task includes closin_ and Becuring access panels, and

hookin_ up to a orime mover

, , , |

TASK LOCATION:

TASK EQUIPMENT: 12_ Credles

183 ,,Transporter

!71 Works_and ._.

/182 Tracto_ - Transporter
J,

, , ,,, ,

...-MANPOWER REQUIREMENTS:

INTERFACE REQUIREMENT,S:

, i

PROPULSION TECH

•MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

_.SAFETY

OTHER
,t

o M-HRS

"T M-HRS

0 M-HRS

o M-HRS

o M-HRS

0

1

M-HRS

M-HRS



TASK TITLE:

TASK DESCRIPTION

TR_ISFER TO STORAGE (1.1.22)

SHEET

/

TASK OBJECTIVE: To locate the Tug in a designated s:orage area.
..... • , Im ,

{

TASK PURPOSE: To move Tug from TPF/PPF to storage area.

TASK LOCATION:

TASK EQUIPMENT:

, . ,, . ....

TPF to Storage Areal}_SC and PPF to Storage ._ealWTR

12h Cradles

183 Transoorter

123 Cover-TuE

120 Component Protective Covers

182 Tractor - Transporter

MANPOWER REQUIREMENTS:

INTERFACE REQUIREMENTS:

PROPULSION TECH o

MECHANICAL TECH

AVIONICS TECH 0

ENGINEERING o

QUALITY CONTROL o

SAFETY o
i

OTHER

M-HRS

M-HRS

M-HRS

M-fiRS

M-HRS

M-HRS

M-HRS



TASK TITLE:

TASK DESCRIPTION SHEET

PERFO_4 STOP_GE SUPFORT (1.1.2])

TASK OBJECTIVE: To minimize subsystem degradation during storage.

TASK PURPOSE: To oerform inspec_ion_ servicing and other preventive maintenance

tasks, as required.

TASK LOCATION:

TASK EQUIPMENT:

• , , ,, , , ,

Designated Storage Area at :KSC and WTR

180 Environ Control Unit

12h Cradles

183 TransDorter

123

120

Cover-Tu_

Component,ProtectiveCovers

MANPOWER REQUIREMENTS:

INTERFACE REQUIREMENTS:

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING 0

QUALITY CONTROL

SAFETY o

OTHER 0

M-.HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS



TASKTITLE:

TASK DESCRIPTION SHEET

REMOVE FROM STORAGE (i.1.24)

TASK OBJECTIVE: Determine Tug physical condition and place _ in a transportabi£

condition.

TASK PURPOSE: Inspect Tug for general condition, identify subsystem discrepanciez

and prepare for transport.

TASK LOCATION:

TASK EQUIPMENT:

Designated Storage Area at KSC and '^_R

12h Cradles

183 Transoorter

123

120

Cover-Tu_ ,,

Component Protective Covers

MANPOWER REQUIREMENTS:

INTERFACE R:-_QUIREME,_TS:

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

)4

4

0

0

0

i

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS



TASK DESCRIPTION SHEET

TASK TITLE: TRm_SFE_ TO .T_,.F/PPF,H)R M&R .(i.i.2_).,

TASK OBJECTIVE: To locate the ._R at the _F/PPF

J

TASK PURPOSE: T° move Tug to TPF/PPF from storage area.

....., L

J

TASK LOCATION:

TASK EQUIPMENT:

Storage Area to TPF/KSC and Storage Area to PPF/WTR

12_ Cradles

183 Transoorter

12B Cover-Tug

120 Component Protective Covers

182 Tractor - Trans?orter ....

MANPOWER REQUIREMENTS:

INTERFACE REQUIREMENTS:

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

0

2

0

0

0

0

2

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS



TASK TITLE :

TASK DESCRIFTION SHEET

TIRAICS_R TO PREL'_UNCH (l.i. 26)

TASK OBJECTIVE: To locate the Tug st the Pr__isunch area
| , m m • ,WL |

TASK PURPOSE: To moveTug from M&R area to Prelaunch area

TASK LOCATION:

TASK EQUIPMENT:

TPF to VAB/KSC and PPF to VAB/WTR

124 Cradles

183 Transnorter

582 Tractor - Transporter

MANPOWER REQUIREMENTS:

INTERFACE REG_IREMENTS:

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERIFIG

QUALITY CONTROL

SAFETY

OTHER

0

0

0

o

o

z_

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS



TASK TITLE:

TASK DESCRIPTION SHEET

POST M&R VERIFICATION (1.2. l)

TASK OBJECTIVE: To assure that Tug subsystems on which M&R has been perforzed

will nov function satisfactorily and that the Tug is ready for transfer to pre-

launch area.

TASK PURPOSE: To verify that fault detection and isolation of subsystem dis-
, i i

crepaneles was accurate, M&R tasks were performed correctly, and that oerfo_-__nce

of M&R tasks have cleared subsystem discrepancies.

TASK LOCATION:

TASK EQUIPMENT:

148 Signal Cond Unit

185 Umbilical Kit

161 Prop Pneum Console

180 Environ Cooling

159 Prop Util Test Set

TPF/KSC and PPF/WTR

12h Cradles 156 Prim Batt C/O Kit

183 Transporter 169 Tu_ Simulator

191 Workstand Kit

118 C/O Cable Kit

127

168 Swacecraft Simulator

Data Mgt Test Get 17h
i

119 Comm Test Set
L J

3015, 305 & 307 155

COMPU_"R PROC.R._3._

MANPOWER REQUIREMENTS:

INTERFACE REQUIREME;_T3 :

Star Tracker Test Set

Power Sys Test Set iii APS Breakout Control Box

PROPULSION TECH 2 M-HRS

MECHANICAL TECH i M-HRS

AVIONICS TECH i M-HRS

ENGINEERING 0 M-HRS

QUALITY CONTROL b M-HRS

SAFETY 0 M-HRS

.OTHER 0 M-HRS



TASK TITLE :

TASK DESCRIPTION SHEET

PERFORM POST M&R VERIFICATION - FSE (1.2.2)

TASK 0_ECTIVE: To assure that Tug FSE on which M&R has been performed, will now

function satisfactorily and that the Tug is ready for transfer to the preiaunzh

_rea.

TASK PURPOSE: To verify that performance of FSE M&2 tasks have corrected

previously identified discrepancies.

TASK LOCATION:

TASK EQUIPMENT:

TPF/KSC and PPF/WTR

181 Tilt Table Handlin_ Kit

118 C/0 Cable Kit 185 Umbilical Kit

127 Data _.'gtTest Set

119

155.

l&8

149

MANPOWER REQUIREMENTS:

INTERFACE REQUIREMENTS:

CoNch Test Set

Power Sys Test Set

Signal Cond Unit

Orbiter Simulator

PROPULSION TECH _ M-HRS

_CHANICAL TECH 2, M-HRS

AVIONICS TECH 2 M-HRS

ENGINEERING o M-HRS

QUALITY CONTROL 8 M-HRS

SAFETY o M-HRS

OTHER o M-HRS



TASK TITLE:

TASK DESCRIPTIO?I .SHEET

RECEIVE FSE FROM M&R (2.1.i)

TASK OBJECTIVE: Assemble flight configuration Fli_ht Suppo_c Equipment for

transport to Orbiter MCF where it will be installed in the flight
, L

vehicle.

a

TASK PURPOSE: To assemble the total complement of FSE required for the

mission. Personnel will receive, check, and load this equipment into

a van for transport to the Orbiter for installation.

TASK LOCATION:

TASK EQUIPMENT:

TPF/KSC and PPF/WTR

iBh Transport Van

Dollies

_oR _9.Y

MANPOWER REQUIREMENTS:

INTERFACE REQUIREMENTS:

PROPULSION TECH o

MECHAIq',?.ALTECH o

AVIONICS TECH o

ENGINEERING o

QUALITY CONTROL 2

SAFETY 2

OTHER ii

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS



TASK DESCRIPTION SHEET

TASK TITLE: RECEIVE TUG FROM M&2 (2.1o2)
ii i

TASK OBJECTIVE: Receipt of the Tug vehicle from %he Main_enamce and
i i

Refurbishment operations.

TASK PURPOSE: This task initiates the Prelaunch Operations on the Tug

vehicle, and includes preparatory vork for flight configuration.

TASK LOCATION:

TASK EQUIPMENT:

TPF/KSC and PPF/WTR

191 Side Workstands

183 Transporter
,i i

12h Cradles

MANPOWER REQUIREMENTS:

INTERFACE RECUIREMENTS:

PROPULSION TECH O

MECHANICAL TECH o

AVIONICS TECH o

ENGINEERING O
i

QUALITY CONTROL o

SAFETY 0

OTHER 5.5

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS



TASK DESCRIPTION SHEET

TASK TITLE: PREPARE TUG FOR PPF TRANSFER (2.1.3)
| m, , i J

TASKOI_ECTIVE: To prepare the Tug vehicle for transfer to the DOD Payload

Processing Facility at KSC for DOD spacecraft work prior to launch.

TASK PURPOSE: To encapsulate the Tug in a protective cover to insure vehicle

lO0,O00 class cleanliness.
• |'

TASK LOCATION:

TASK EQUIPMENT:

TPF/K_C

123 Tu_. Covers

Cover Bar

12h Cradles

183 Transnorter

191 Workstand Kit

i

PROPULSION TECH o

MECHANICAL TECH o

AVIONICS TECH o

ENGINEERING o

QUALITY CONTROL o

SAFETY o

OTHER 13

MANPOWER REQUIREMENTS:

INTERFACE REQUIREMENTS:

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

i - --



TASK TITLE :

TASK DESCRIPTION SHEET

TP,_'_S_ TUG TO PPr (2.I. h. )

TASK OBJECTIVE: To provide the Tug vehicle at the PPF for preflight spacecraf_

work required for a DOD mission.
L m •

TASK PURPOSE: To transfer the Tug vehicle from the TPF to the PPF at KSC.

TASK LOCATION: TPF-to-PPF/KSC

TASK EQUIPMENT:

183 Transporter

12h Cradles

123 Cover-Tug

182 Transporter Tractor

MANPOWER REQUIREMENTS:

INTERFACE REQUI REMENTS:

,, , , , ,, ,,

PROPULSION TECH 0 M-HRS

MECIIANICAL TECH 0 M-HRS

AVIONICS TECH 0 M-HRS

ENGINEERING 0 M-HRS

QUALITY CONTROL 2 M-HRS

SAFETY 0 M-HRS

OTHER _ 9, M-HRS

......... •. . ,_.-, ..



TASK TITLE:

TASK DESCRIPTION SHEET

%_R/_;SF_ PAYLOAD TO SPF (2.1.5)

TASK OBJECTIVE: Transfer of the Tug %o the Storable Propell_nu Facility fcr
,, , L ,',, , " ,

loading of the Storable Attitude Control Propulsion System

TASK PURPOSE: _The Tugand Spacecraft are transfered

loading of the ACPS. , ,,
%

to this facility to allow

TASK LOCATION:

TASK EQUIPMENT:

182

TPT'-to-SPF/KSC and WTR

183 Transoorter

Tractor- Transporter

123/122

19i_

Covers

(Security Vehicle)

MANPOWER REQUIREMENTS:

INTERFACE RE_UIREME,'_TS:

PROPULSION TECH 0 M-HRS

MECHANICAL TECH z M-HRS

AVIONICS TECH o M-HRS

ENGINEERING 2 M-HRS

QUALITY CONTROL o M-HRS

SAFETY o M-HRS

OTHER 9/17 M-HRS



TASK TI TLE:

TASK DESCRIPTION SHEET

STORABLE PROPELLANT SERVICING (2.1.7)

TASK 08SECTIVE: To complete the prelaunch servicing of the storable monopropeilan_
L ] i l i i

attitude control propulsion system.
J

TASK PURPOSE: The storable ACPS is purged, loaded, and le_ tested at the

SPF before transfer to the MCF for Orbiter integration.

TASK LOCATION: SPF/KSC and WTR 185 Umbilical Kit

TASK EQUIPMENT: 112 APS Loadin_ Access Kit 183 Transporter

182 Tractor
iml i.

123 Covers

SCAPE Suits (2)

139

161

i13

MANPOWER REQUIREMENTS:

109 Portable Cleanliness Tent

Gas Sampling Equipment 192 (Security Vehicle)

Pneumatic Console

Propellant Servicer

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

hO M-HRS

8 M-HRS

I0 M-HRS

3h M-HRS

18 M-HRS

17 M-HRS

2/21 M-HRS

INTERFACE REQUIREMENTS:



TASK DESCRIPTION _.HEET

TASK TITLE:
q T ..,,,.r...,_STORABLE PROPELLANT SERV__,,_:_ (2. i. 6. a ALT_TATE)

TASK OBJECTIVE: To complete the prelaunch servicina of the storable monozrcu__.an_

attitude control propulsion system.
• , = , i ,m

i , , ,, =. ,

TASK PURPOSE: The storable ACPS is purged, loaded, and leak tested at the
i

launch pad with the Tug inside the paylcad bay, using the T-26 service
. , , m • . , ,,

_m_bilicals.
, i =

TASK LOCATION: Launch Pad/KSC and WTR

TASK EQUIPMENT:

118

112 APS Loading Access Kit _n_ Launch [_b Sys

Cable Kit

SCAPE Suites (2)

139

162

113

_:'b'WPOWERREQUIREMENTS:

• lh3 Signal Conditioning Unit

155 Power Sys Test Set

176 Subsys !.fonitor Consoles

Gas Sampling Equipment 127 DMSTIS

Pneumatic Console 128 Telemetry Ground Station

Propellant Servicer 16} Prop or Pneu. Cent. Console

PROPULSION TECH 36 M-HRS

MECHANICAL TECH 36 M-HRS

AVIONICS TECH 22 M-HRS

ENGINEERING 70 M-HRS

QUALITY CONTROL 22 M-HRS

SAFETY 22 M-HRS

OTHER 6 M-HRS

INTERFACE REQUIREMENTS:

;'p,



TASK DESCRIPTION SHEET

TASK TITLE: STORABLE PROPELI_IT SERVIC_[G (2.1.8)

TASK OBJECTIVE: To complete the prelauneh servicing of the storable bi-

propelleunt attitude control prop_ision syste_n.

, , ,,,

TASK PURPOSE: The storable ACPS is purged, loaded, and leak tested at the

SPF before transfer to the MCF for Orbiter integration.

TASK LOCATION: SPF/KSC and WTR 185 Umbi!_c_l Kit

112 APS Loading Access Kit 183 Transporter

182 Tractor

TASK EQUIPMENT:

122/123 Covers

SACPE Suits (2)

139

161

113

MANPOWER REQUIREMENTS:

109 Portable Cleanliness Tent

Gas Sampling Equipment 192 (Security Vehicle)

Pneumatic Console

Propellant Servicers (2)

PROPULSION TECH 88 M-HRS

MECHANICAL TECH 10 M-HRS

AVIONICS TECM lh M-HRS

ENGINEERING 46 M-MRS

QUALITY CONTROL 23 M-MRS

SAFETY 23 M-HRS

OTHER 2/38 M-HRS

I_4TERFACE REQSi REi,_EtITS:



TASK DESCRIPTION SHEET

TASK TITLE: STORABLE PROPELLAHT SERVICI:[G (2.1.6.b ALTEPqATE)

TASK O_ECTIVE: To complete the prelaunch servicing of the storable bipropeiiant

attitude control propulsion system.
_ • .... , ,,, l

TASK PURPOSE: The,storable ACpS is pur_ed, Joaded, and leak tested at the

launch pa d, wit h the, Tug inside th e payload bay, using the T-26 service

_bilicals.

TASK LOCATION: Launch Pad/KSC and WTR

, , , , , ,

TASK EQUIPMENT:

118

139

162

113

MANPOWER REQUIREMENTS:

IUTERFACE REQUIREMENTS:

112 APS_Loading Access Kit

Cable Kit

SCAPE Suits (2)

Gas Sampling Equipment

Pne_atic Console

P,r0pellant Servicers (2)

!h6 Launch t_b Svs

lh8 Si_gal Conditioning Unit

.155...Power ?:,s Test Set

..._7_ Sub.s_s _onitor Consoles

12v DXS,T/S

128 Telemetry Ground Station

163 Prop or Pneu Cont. Console

PROPULSION TECH _b M-HRS

MECHANICAL TECH 3_ M-HRS

AVIONICS TECH _2 M-HRS

ENGINEERING zo6 M-HRS

QUALITY CONTROL 32 M-HRS

SAFETY 20 M-HRS

OTHER 26 M-HRS



TASK TITLE:

TASK DESCRIPTION SHEET

PREPARE FOR SPACECPAFT_ E,qU!P:_IT (2.2.1.i)

TASK OBJECTIVE: To prepare the Tug and _rk area for installation of spacecraft

equipment for a retrieval mission.

TASK PURPOSE: To assemble the Tug and spacecraft retrieval unique equipment

together in one area for prelauneh integration _ork on the Tug vehicle.
L

TASK LOCATION: TPF or PPF/Y.SC and PPF/_R

TASK EQUIPMENT: 183 Transporter

13h Van

191 Work Stands

12h Cradles

182 Tractor - Transporter

MANPOWER REQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

INTERFACE REQ_IREMEf_TS: •

0

1

1

0

1

0

6/6.5

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS



TASK DESCRIPTION SHEET

TASK TITLE: INSTALL SPACECRAFT EQUIPM_Z_f (2.2.1.2.a)
Ul i • ! • | i l ,

TASK OBJECTIVE: .To instal. ,i spacecraft unique equipment for a DOD retrieval

mission.
i i ii , i i i

TASK PURPOSE: To complete the soacecraft equipment installation on the Tug

vehicle for DOD suacecraft retrieval missions.

, , , l

TASK LOCATION: PPF/IC_C and WTR

TASK EQUIPMENT: 191 Work Stands and Platfo_s

183 Transporter

150 Payload Adapter Handling Equipment

12h

182

18h

Cradles

Tractor - Transporter

Tug Support Kit Vertical

MANPOWER REQUIREMENTS:

INTERFACE REQUIREMENTS:

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

0

b

0

2

0
l

3

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

 -mo m



TASK TITLE:

TASK DESCRIPTION SHEET

INSTALL SPACECRAFt EQUIP._v/_;T(2.2. i.2.b )

TASK OBJECTIVE: To install spacecraft unique equipment for a IIASA spacecraft

retrieval mission.

,, , , • • i, , ,

TASK PURPOSE: To complete the spacecraft.equipment installation on the Tug

Tehiclefor. NASA spacecraft retrieval missions.

TASK LOCATION: TPF/KSC and PPF/WTR

TASK EQUIPMENT: 191 Work Stands and Platforms

183 Transporter

150 Payload Adapter Hand_in_ Ecui_ment

124 Cradles

I

MANPOWER REQUIREMENTS:

INTERFACE REQUIREMENTS:

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

0

2

2

0

2

0

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS



TASK TITLE:

TASK DESCRIPTION SHEET

VERIFY TUG-TO-SPACECR/L_.. EQUIP:,[_IT I:;TERFACES (2.2. I. 3 )

TASK OBJECTIVE: ':o establish flight readiness of spacecraft interfaces for a
,u

retirev_l mission.

TASK PURPOSE: To test and verify the spacecraft equipment interfaces
i

operability.

, i

• i ii

TASK LOCATION: PPF and TPF/KSC and PPF/_2R

TASK EQUIPMENT: 12_

183

191

168

i18

127

119

MANPOWE. ,:EQUIREMENTS:

INTERFACE REQUIREMENTS:

Cradles .....

Transporter

Work Stands and Platfo_m.s '

Soacecraft Simq_tgr .,

C/O C_ble Kit

Data.._Tgt Test Set

Con Test Set

155 _ower Sy_ Test Set

.148 g_gn_7 C_nd Unit

185 Umbilical Kit

.... 149 Orbiter Simulator

., 30h, 305 & .307 CO_.CPL_ER PROGPA/_S

PROPULSION TECH. . O M-HRS

MECHANICAL TECH O . M-HRS

AVIONICS TECH 15 M-HRS

ENGINEERING _,5 M-HRS

QUALITY CONTROL 0 M-HRS

SAFETY g M-HRS

OTHER o M-HRS



TASK TITLE:

TASK DESCRIPTION SHEET

PREPARE TUG FOR SPACECRAFT (2.2.2. a. )

TASK OBJECTIVE: To ready the Tug vehicle for spacecraft integration.

TASK PURPOSE: To prepare the work area and perform the final work in

preparation for Tag/Spacecraft integration, with no kick stage included

In the flight configuration.

i

TASK LOCATION: TPF and PPF/KSC and PPF/W_R

TASK EQUIPMENT: 191 End _lork Stands

183 Transporter

12h Cradles

MANPOWER REQUIREMENTS:

INTERFACE REQUIREMENTS:

PROPULSION TECH O M-HRS

MECHANICAL TECH 2 M-HRS

AVIONICS TECH 2 M-HRS

ENGINEERING O M-HRS

QUALITY CONTROL , 2 _M-HRS

SAFETY ..... 0 M-HRS

OTHER 8 M-HRS
l i



TASK TITLE:

TASK DESCRIPTION SHEET

PREPARE TUG FOR SPACECRAFT (2.2.2.b.)

TASK OBJECTIVE: To read_ the Tug vehicle, for spacecraft integration.

TASK PURPOSE: To prepare the work area and perfqrm the final work in

preparation for Tu_/Spacecraft integration _ _-ith a kick sta6e included

the flight c0nfisuratlon.

TASK LOCATION:
,,. i

TASK EQUIPMENT: 191 End _ork Stands

TPF and PPF/KSC and PPF/WTR

MANPOWERREQUIREMENTS:

183 Transporter

12h Cradles

168 S_acecraft Sin

127 DMTS

155 Power Sys ?eat Set

ll9 Cozm S_s Test Set

PROPULSION TECH

MECI-_ICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

INTERFACE REQUIREMENTS:

118 C/O Cable Kit

lh8 Sirnal Cond Un _m , .v u ,

18_ U_bilical Kit

N-HRS

8 M-HRS

b N-HRS

0 M-HRS

2 M-HRS

2 M-HRS

8 M-HRS



TASK TITLE:

TASK OBJECTIVE:

TASK DESCRIPTION SHEET

,MATE TUG A_ SPACECRAFT (2.2.3)

To perfoz-m the Tug/Spacecraft integration.

...... , i

TASK PURPOSE: To mste the Tu_ vehicle emd the SD_cecraf% for a delivery

, , -- _

TASK LOCATION:

TASK EQUIPMENT:

191 Work Stands
, L

183 Transporter

12h Cradles ,

150 P/L Adapter Hendl_n R Kit

| , •

TPF and PPF/KSC and PPF/W'2R

lh0 S!in_s and TzK Lines

MANPOWER REQUIREMENTS:

INTERFACE REQUIREMENTS:

PROPULSION TECH o

MECHANICAL TECH

AVIONICS TECH h/7

ENGI NEERI NG o
L i ]

QUALITY CONTROL 1
i

SAFETY 1

OTHER 3

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-MRS

• _, ,r,,, ,,_, ,,1_,,,,,_,,_£_



TASK DESCRIPTION SHEET

TASK TITLE:
VERIFY TUG-TO-SPACECRAFT _TERFACES (2.2.4)

TASK OBJECTIVE: To verify the launch readiness of the Tug/Spacecraft interfaces.
j ,, , i ,

IL , ,,, • ' I ' '

, i m

TASK PURPOSE: To test and establish the flight readiness of the Tug/Spacecraft

interfaces (both_ hardware and software)

TASK LOCATION: _F and PPF/_C and PPF/_CYR

T/LSK EQUIPMENT: 12T Telemet_ 7 Gro_uud Station

_'_POW_R REQUI REMENTS :

INTERFACE REQUIREMENTS:

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECM

ENGINEERING

QUALITY CONTROL

SAFETV

OTHER

0 M-HRS

0 M-HRS

21 M-HRS

12 M-HRS

0 M-HRS

0 M-HRS

3 M-HRS

f



TASK TITLE:

TASK DESCRIPTION SHEET

VERIFY CI,F__ILI'IIESS(2.2.5)

TASK Oi_IECTIVE: To verify the cleanliness of the Tug vehicle a_ prepare :he

vehicle for transportation.

,i , ' ' '

TASK PURPOSE: To check the particle counter and verify the cleanliness and
L , ,

then to place the cover on the vehicle to insure the I00,000 class cleanliness
'L n ,m n

is maintained during local transportation of the vehicle.

i , , l

i

TASK LOCATION: TPF and PPF/KSC and PPF/WTR

TASK EQUIPMENT:

MANPOWERREQUIREMENTS:

INTERFACE REQUIREMENTS:

PROPULSION TECH 0 M-HRS

MECHANICAL TECH _ M-HRS

AVIONICS TECH o M-HRS

ENGINEERING 2 M-HRS

QUALITY CONTROL _ M-HRS

SAFETY i M-HRS

OTHER i_ M-HRS



" TASK DESCRIPTION '._HEET

TASK TITLE: TR/hNSFER FSE to MCF (2.3.1)

TASK OBJECTIVE: To transfer the Flight Support Equipment to the Orbiter MCF for
|

integration into the Orbiter.
tt i

TASK PURPOSE: Transfer the FSE for installation and maintain the cleanliness

of that equil_ent, during the, transfer.

TASK LOCATION:

TASK EQUIPMENT:

L ' , ' • , • • ,|' '

TPF to MCF/KSC, PPF to I4CF/WTR

13h Equipment Van

192 Secttrlt2r Vehicle

__ANPOWER RF.QUIREMENTS:

INTERFACE REQUIREMENTS:

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECFI

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

0

0

0

0

3

0

15/17

M-HRS

M-HRS

M-HRS

M-HRS

M-FIRS

M-HRS

M-HRS



TASK TITLE:

TASK DESCRIPTION SHEET

INSTALL FSE IN CABT,'-i(CONSOLE) (2.3.2.1.a)

TASK O_ECTIVE: To inst_l the payload console in the Payload Speci_ist
,, • , L

Station of the Orbiter vehicle.

TASK PURPOSE: To install the payload console and verify the interfaces with

the Orbiter system.

TASK LOCATION:

TASK EQUIPMENT:

MCF/KSC and WTR

MANPOWER REQUIREMENTS:

INTERFACE REQUIREMENTS:

into orbiter.

PROPULSION TECH o M-HRS

MECHANICAL TECH 5 M-HRS

AVIONICS TECH 6 M-HRS

ENGINEERING o M-HRS

QUALITY CONTROL 1 M-HRS

SAFETY o M-HRS

OTHER 3 M-HRS

?.lustbe completed prior _o nz-.-lo_d integration



TASK TI TLE:

TASK DESCRIPTION SHEET

INSTALL FSE I_; CABIN (COV.SEC) (2.3.2. l.b)

TASK OBJECTIVE: To instsull the CO!4SEC required on DOD missions.

TASK PURPOSE:

missions.
• i

To install the CO_ZEC into the Orbiter system for the DOD

TASK LOCATION: MCF/KSC and WTR

TASK EQUIPMENT:

MANPOWER REQUIREMENTS:

INTERFACE REQUIREMENTS:

PROPULSION TECH 0 M-NRS

MECHANICAL TECH 1.5 M-HRS

AVIONICS TECH 3.5 M-HRS

ENGINEERING 1 M-HRS

QUALITY CONTROL 1 M-HRS

SAFETY 0 M-HRS

OTHER 0 M-HRS

Must be completed prCor to 2.3.2.1.a verification.



TASK DESCRIPTIOI_ :;HEET

TASK TITLE: Z:(STA_L FSE IN. PAYLOAD BAY (2.3.2.2)

TASK OBJECTIVE: To prepare the Orbiter for acceptance of the Payload and provide

the necessary support equipment in the payload bay.

TASK PURPOSE:

l

To install the Flight Support Equipment required by the payload

into the Orbiter Payload Bay.

TASK LOCATION:

TASK EQUIPMENT:

MCF/KSC and WTR

MANPOWER REQUIREMENTS: PROPULSION TECH I M-HRS

MECHANICAL TECH _ M-HRS

AVIONICS TECH _ M-HRS

ENGINEERING _ M-HRS

QUALITY CONTROL 4 M-HRS

SAFETY 1 M-HRS

OTHER lh M-HRS

INTERFACE REQUIREMENTS: ?_us£ be completed prior to the physical installation

of the payload into the Orbiter payload bay.



TASK DESCRIPTION SHEET

TASK TITLE: VERIFY FSE INTERFACES (2._3)

TASK OBJECTIVE: To establish the test readiness of the Payload supplied
L , ' u • I

Flight Support Equipment.
, -,i J

TASK PURPOSE: This is a preliminary step in the launch readiness certification
|

of the payload.
i , i

TASK LOCATION:

TASK EQUIPMENT:

MCF/KSC and WTR

_I_ Signal Cond Unit

185 Umbilical Eit

127 _4S Test Set

155 Power Sys Test Set

119 Comm Sys Test Set

118 C/O Cable Kit
i , ,, , ,• , - ,,

MANPOWER REQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

0

0

3

0

1

0

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

INTERFACE REQUIREMENTS:



TASK TITLE:

TASK OBJECTIVE:

TASK DESCRIPTION SHEET

TRANSFER PAYLOAD _K)MCF (2.3. I_)

To transfer the payload to the Orbiter integration facilitx.

TASK PURPOSE: To provide the payload at the Orbiter facility designated for

the horizontal integration of a payload.

TASK LOCATION: PPF or TPF-to-MCF/KSC, PPF to MCF/_2R

TASK EQUIPMENT: 12h Cradles

183 Transoorter

182 Tractor

122 Cover-S/C

123 Cover-TuQ

192 Security Vehicle

MANPOWER REQUIREMENTS: PROPULSION TECH 0 M-HRS

MECHANICAL TECH o M-HRS

AVIONICS TECH 0 M-HRS

ENGINEERING o M-HRS

QUALITY CONTROL o M-HRS

SAFETY o M-HRS

OTHER 3/5 M-HRS

INTERFACE REQUIREMENTS:

V



TASK DESCRIPTIO_I SHEET

TASK TITLE: PAYLOAD INSTALLATION PREPARAT-TON (2.3.6)

TASK OBJECTIVE: To prepare for the physical install_tlon of the payload '.::'.c

the payload bay.

TASK PURPOSE: To complete all preparatory work required for the payload inte-

gration into the payload bay, maintaining cleanlines& of the vehicle.
i

TASK LOCATION:

TASK EQUIPMENT:

MCF/KSC and WTR

183 Transoorter

12h Cradles

lhO Handlin_ Equip

_t_FO_4ER REQUIREMENTS:

INTERFACE REQUI REHENTS :

PROPULSION TECH 1 M-HRS

MECHANICAL TECH 2 M-HRS

AVIONICS TECH 1 M-HRS

ENGINEERING 2 M-HRS

QUALITY CONTROL 0 M-HRS

SAFETY o M-HRS

OTHER 19 M-HR5



TASK DESCRIPTION SHEET

TASK TITLE: PAYLOAD INSTALLATION MCF (2.3.7)

TASK OBJECTIVE: The physical installation of the payload into _he Orbiter pay-

load bay.

TASK PURPOSE: To complete the physical installation of the payload into the
, , , , • - , L

Orbiter vehicle.

TASK LOCATION:

TASK EQUI PMENT:

MCF/KSC and WTR
,i

140 Handling Equipment

__ i i |

MANPOWER REQUIREMENTS:

INTERFACE REQUIRE_',_IITS:

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

2

18
l

2

2
ill i

0

2
i i , ,

3

M-HRS

M-HRS

M-HRS

M-HRS

M.,.HRS

M-.HRS

M-HRS



TASK TITLE:

TASK DESCRIPTION SHEET

VERIFY PAYLOAD-TO-SHIYI_LE INTERFACES (2.3.9)

TASK OBJECTIVE: Es_abllsh the readiness of the payload/Shuttle interfaces prior
i

tO entering the launch operations phase.
| , i,, i i i Hi I , ,

| I , , , I

TASK PURPOSE: Test and validate the interfaces (hardware and software) between

the payload and the Orbiter vehicle. This is the final payload test before
L i L t L ,m ,

the integrated systems test.

TASK LOCATION:

TASK EQUIPMENT:

MC?/KSC and WTR

161

185

117

Prod .r_eu Console

Umbilical Kit

C/O Access Kit

127 DVS Test Set

155 Po_e _ S_rs Test Set

i19 Comnn Svs Test Set

118 C/O Cable Kit

MANPOWERR_QUIREMENTS:

lh8 Si6nal Cond Unit

, 163 . Prop or Pneu Cont Console

, 301 _ 305_ 307 CO_._UTER PROGRAM_

INTERFACE REQUIREMENTS:

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

Q(IALITY CONTROL

SAFETY

OTHER

27 M-HRS

8 M-HRS

18 M-HRS

36 M-HRS

].8 M-HRS

o M-HRS

8 M-HRS

@9"



TASK DESCRIFTION SHEET

TASK TITLE: ORBITER/PAYLOAD INTEORkTED SYSTEM TEST (2.h.l)
• ,, ,,

TASK OBJECTIVE: Establish the launch readiness of the integrated launch vehicle

_d p_load before releasing the p_load for p_ _d flight operations.

TASK PURPOSE: To validate the integrated system integrity prior to the

final launch operations.
,,

TASK LOCATION: Launch Pad/KSC and WTR

TASK EQUIPMENT: lh8 Sl_nal Conditioning Unit 18_ Launch Umbilical Sys

176 Subsets .Monitor Console i_5 Power Sys Test Set

118 C/O Cable Kit 129 Digit. __vents Rec.

1,28 Telemetry Ground Station 189 Voice ,_:Tining Sys

127 DI._ Test Set 190 Wide Bond Rec.

lh5 Launch Console

301. R05. 307_COMPb_fER PROGP_-_

MANPOWER REQUIREMENTS: PROPULSION TECH 8 M-HRS

MECHANICAL TECH 36 M-HRS

AVIONICS TECH 18 M-HRS

ENGINEERING _ , BO M-HRS

I_IALITY CONTROL 2h, M-HRS

SAFETY z_ M-HRS
±

OTHER 8 M-HRS

INTERFACE REQUI REMENTS :

m-.:,,,.9-



TASK DESCRIPTION SHEET

TASK TITLE: MONITOR STORABLE ACPS (2.4.1.a)

TASK OBJECTIVE: To continually verier the integrity of the storable ACPS,
i

_om integration t_ough l_unch.
...,,

, q

TASK PURPOSE: To respond to safety requirements to assure the integrity of

the storable ACPS and verify no leakage in the system.

TASK LOCATION: MCF, VAJ3, PAJ)/KSC and

TASK EQUIPMENT: 176 Subsys Honitorin_ Console

179 Signal Conditionin_ Unit

146 Launch Umbilical System,

118 C/0 Cable Kit

155 Power Sys Test Set

127 D:._ Test Set

128 Telemetry Ground Station

t_',,NPOWERREQUIREMENTS:

INTERFACE REQUIREMENTS:

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

8b M-HRS

o M-HRS

o M-HRS

o M-HRS

o M-HRS

84 M-HRS

O M-HRS



TASKDESCRIPTION SHEET

TASK TITLE: TUG SERVICE AT PAD (2 _.2 a)
, •

TASK OBJECTIVE: To complete the umbilical hookup at the launch pad of the Tug

unique umbilicals.

TASK PURPOSE: To prepare for the launch pad prelaunch servicing of the Tug

vehicle and establish the umbilical system integrity in that area.

TASK LOCATION:

TASK EQUIPMENT:

MANPOWER REQUIREMENTS:

Launch Pad/KSC and WTR
J

18__ Launch Umbilical Svs

118 C]O Cable Kit

14A _ Signal Conditionin_ Unit

176 Subsys _pitor Console

16@ Prn_ F_ Console

i17 C/0 Access Kit

,163 ProP or Pneu Cont. Console

127 . _iS T_st,Set

!55 Power $¥s Test Se_

128 DDAS CND Station

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

M-HRS

2 M-HRS

6 H-HRS

6 M-HRS

2._ M-HRS

M-HRS

M-HRS

INTERFACE REQUIREMENTS:



TASK DESCRIPTION SHEET

TASK TITLE: TUG S_VlCE AT PAD (NON CRYC,)(2.h.2.b)

TASK OBJECTIVE: Perform the final prelaunch servicin_ on the Tu_ vehicle for

the,,ngn-cryogenic systems.

L , '

TASK PURPOSE:

system.
i | i,i

,Complete the prelaunch servicing for the Tu_ vehic,le pneumatic

,m

TASK LOCATION: Launch Pad/KSC and NTR

TASK EQUIPMENT: 158 Prop Loading Console

176 Subsys Monitor Console

lh8 Si6"nal Conditionin_ Unit

11B C/0 Cable F_t

162 Proo Pneu Console

155 Power Sys Test Set

127 DMS Test Set
i

129 Digit Events Recorder

128 Telemetry Ground Station

163 Prop or Pneu Cont. Console

185 Launch Umbilical Sys

MANPC,.ER _ECUIREMENTS:

305, 306 COMPLetER PROGRAMS

INTERFACE REQUIREMENTS:

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

8

13

13

6

3

3
, l

0

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS



TASK TITLE:

TASK OBOECTIVE:

system.

TASK DESCRIPTION SHEET

TUG SERVICE AT PAD (CRYO) (2.4.3)

Perform the final prelauneh servlclng on the Tu_ cryogenic
L

l ,, ,,

To complete the prelaunch activities for the Tug vehicleTASK PURPOSE:

including: a. Cryogenic System Purges

b. Cryogenic Loading and Replenish

c. Final Software Constants Loaded

, i

TASK LOCATION: Launch Pad/KSC and WTR

TASK EQUIPMENT: 125 Cryo Loadin_ Complex 185 Launch Umbilical $ys

162 Prod Pneu Console

305, 306

COMPUTER PROGPJ_U_

176 tubsys _onitor Console

148 Signal Conditionin_ Unit

118 C/O Cable Kit

155 Power Svs Test Set
:_ Ii L [

12_ Digit Events Reccrder

128 Telemetry Ground Station

162 Prop or Pneu Cont. Console

127 DMS Test Set
,, ,, , , • L

MANPOWER REQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

10

16

_6

8

6

2

6

H-HRS

M-HRS

H-HR.S
, u

M-HRS

M-HRS

M-HP,S

M-HRS

INTERFACE REQUIREMENTS:



TASK DESCRIPTION SHEET ""

TASK TITLE:

TASK OBJECTIVE:

TUG SERVICE AT PAD (CRYO) (2.4.3.a)
,, i .i J . m

Fin_l activation of the Tug fuel cells m

. i

TASK PURPOSE: To complete the Drelaunch activation of the Tu n fuel cells

_ •, J nL

TASK LOCATION: Launch Pad/KSC and WTR

TASK EQUIPMENT: lh8, Signal Conditioning Unit

176 Subs_'s ).:onitor Console

!35 Crvo T -. =__eaaln. Complex

185 Launch Vmbilicml Sys

118 C/O Cable Kit

127 DVS Test Set

155, Power S_zs Test Set

129 Digit Evenzs Recorder

128 Telemetry Gromnd Station

M/VIPOWE_ REQUIREMENTS:

INTERFACE REQUIREMENTS:

PROPULSION TECH 3 M-HRS

MECHANICAL TECH o M-HRS

AVIONICS TECH 3 M-HRS

ENGINEERING 6 M-HRS

QUALITY CONTROL o M-HRS

SAFETY o M-HIES

OTHER 3 M-HRS
t

*Applies to only those configurations with fuel

cells included.
(



TASK TITLE:

TASK OBJECTIVE:

TASK DESCRIPTIO;4 SHEET

TUG SERVICE AT PAD (CRYO) (2.h.3.b)
, • m i

Final loading of cold helium system of the Tug I
_ _,, , ,, ,

| , • i L

TASK PURPOSE: To complete the prelaunch activities of the Tu_ cold heli_un

pre ssuri zat ion ,system- ,,.

TASK LOCATION:

i

Launch Pad/KSC and WTR

TASK EQUIPMENT: 142 ,Prop Pneu.Console

176 Subsys Monitor Console
• • . , ,. .

129 Digit Ehrents Recorder

lh8 Signal Conditionin6 Unit 128 Telemetry Ground _t_,icn

118 C/.O,Cable .Kit lh7 LH2-He Heat Exchan<er

155 Power Sys Test Set 125 Crvo Loadin_ Complex

127 D_ _es_ Set 163 Pron or Pneu Cont Console

185 Launch t_bilical Sys

MANPOWER REQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

M-HRS

0 M-HRS

2 M-HRS

6 M-HRS

0 M-HP,5

o M-HRS

o M-HRS

INTERFACE REQUIREMENTS: _ADoiies on!_" to those vehicles using, the cold _'_':"

option.

-ee Z>-=A,-



TASK DESCRIPTION SHEET

TASK TITLE: FILIAL CKECKS AT PAD (2.h.h)
| ul , , ,

TASK O_EI_I'IVE: To monitor final launch reclined par_neters.
L | • | J L ill . II I Im

I I '" L ' • '

TASK PURPOSE:

vehicle.
. i

,L L

To establish the launch readiness compliance of the Tug
i i L I

TASK LOCATION:

TASK EQUIPI_NT:

MANPOWER REQUIREMENTS:

| |

LCC/ICSC and WTR

176

179

lh6

,l |,,, , ,,,

Subsys _:onitor Console

Termina ! Room EQ.uip'

Launch Umbilical SVs

118 C/O Cable Kit ..

12 9 Digit Events Recorder

,,_8o.,Vgice & Time Sys

I_0 Wideb_nd Rec.

155 Power S_rs Test Set

127 D'_, Test Set

128 Telemetry Ground St_tio D ,

PROPULSION TECN o M-HRS

MECHANICAL TECH o M-HRS

AVIONICS TECN o M-HRS

ENGINEERING 15L M-HRS

QUALITY CONTROL o M-HRS

SAFETY o M-HRS

OTHER o M-HRS

INTERFACE REQUIREMENTS:



TASK DESCRIPTION SHEET

TASK TITLE: REMOVE PAYLOAD (FAD) (2.2.5)

TASK OBJECTIVE: To remove a pe.Yload.from the payload bay of the Orbiter as

the Launch Pad
i i ii u • |i n u J i n n

TASK PURPOSE: .Required for _ayload.chan_eout. Assumes the cleanliness

protection vill be provided for the payload bein_ removed.

TASK LOCATION:

TASK EQUIPMENT:

Launch ,Pad/KSC and WTR

191 Work Platforns

123 Cover-Tug,

140 Handling Equip

183 Transworter

12h Cradles
] i

182 Transoorter Tractor
,_ u , , n n m

MANPOWER REQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

INTERFACE REQUIREMENTS:

M-HRS

l0 M-HRS

M-HRS

M-HRS

3 M-HR5

3 M-HRS

23 M-HRS



TASK DESCRIPTION SHEET

TASK TITLE: PAYLOkD INSTALLATION OR R2_.'.OV}_PREPS (PAD) (2.h.6)
i i i i i l _ ii

TASK OBJECTIVE: ?repare for the removal or installation of a payload into the

Orbiter payload bay at the launch pad.
,i i i |

m ,, • l •

TASK PURPOSE: To provide the physical access and the environmental protection

required for on-pad payload changeout.
i • • n i , , ,

, , , • ,, ,, , m, , ,, • , , ,

TASK LOCATION: Launch Pad/KSC and WTR

TASK EQUIPMENT: 191 _,'ork Platforms
L I • , = I ,, I

MANPOWER REQUIREMENTS:

INTERFACE REQUIREMENTS:

[

PROPULSION TECH

N£CHANICAL TECH

AVIONICS TECH

ENGINEERING

qUALITY CONTROL

SAFETY

OTHER

k

o. 5 M-HRS

0.5
i i i

0.5
i i i

0.5
i |

0
i

0
• iw i i!

2
, i

M-.HRS

M-HRS

M-HRS

M-HRS

M-HRS,

M-HRS

=t



TASK TI TLE:

TASK DESCRIPTION SHEET

PAYLOAD INSTALLATION (PAD) (2.4.7)

TASK OBJECTIVE:

the launch pad.

To install a payload into the payload bay of the Orbiter a%

L , , • ,,,,, ,, , , • ,n ,

i

TASK PURPOSE:

out operation.

The vertical installation of a payload during the payload change-

TASK LOCATION:

TASK EQUIPMENT:

Launch Pad/KSC and WTR

117 C/O Access Kit

_'.^ ,-,-. a'_ .t,.,,., _.n._nm=.t

184 Tug Support Kit Vertical

191 Workstand Kit

MANPOWER REQUIREMENTS:

INTERFACE REOUI REME_4TS:

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

2 M-HRS

I} M-HRS

2 M-HRS

2 M-HRS
L

o M-HRS

2 M-HRS

.... _ M-HRS

•



TASK TITLE:

TASK OBOECTIVE:

@ha_eout.
I I I i J

TASK DESCRIPTION SHEET

TRANSFER PAYLOAD TO PAD (2._.8)

To trans£er a new payload to the launch pad for payload
i L, i

i i i i i

TASK PURPOSE:

chemgeout.
• i z ii

, , ,, •

To provide a clean payload at the launch pad during payload
I

TASK LOCATION: Launch Pad/KSC and WTR

TASK EQUIPMENT: 12_ Cradles

122 Cover-Spacecraft

123_ Cover.TuT_

lhO Handllnz Ep_i_ ,,

15h Portabl,¢ Cover-P_rze Unit

182 Tractcr

183 Transworter

MANPOWER REQUI REMENTS :

INTERFACE REQUIREMENTS:

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

0

0

U

0

0

2U 128

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

.P,X-.,_E)-_._@_,



TASK DESCRIPTIOt( _HEET

TASK TITLE: TU_, GRO_D SAFIIIG AT SAFING AREA (3.1.1)
, ,, i • ,. .,_

TASK OBJECTIVE: To vent, drain, and purge the cryogenic systems of the Space

Tug, includinE high pressure gas vessels.

TASK PURPOSE: To place the cryogenic systems in a "safe" state and to prepare
i , ,, i !

these systems for any required maintenance action.

_ L • • --L ,,

TASK LOCATION: Shuttle Saflng Area/KSC or WTR

TASK EQUIPMENT: 191 Workstands

i

Hydrogen Gas Disposal System
m

139 Gas S_pling Equi_ent

161 Prop Pneu Console

163 .Prop or Pneu Cont. Console

118 C/0 Cable }:it Partial

MANPOWER REQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

q. M-HRS

o M-HRS

8 M-HRS
NO LIQUID

6 M-HRS
RESIDUALS

8 M-HRS

, _ . M-HRS

20 H-HRS

INTERFACE REQUIREMENTS: The Shuttle must remain at the Safing Area until

completion of task. Task assumes successful safing completion on-orbit:

i

'eL" _-_@ /



TASK DESCRIPTION SHEET

TASK TITLE: TUG GRO_{D SAFING AT SAFE;GAREA (3.1.l.a)

TASK OBJECTIVE: To vent, drain, and pw_ge the cryogenic systems of the Space
i i

Tug, including high pressure gas vessels.
i , , ' '

L / • ' ' " ' '

TASK PURPOSE: To place the cryogenic systems in a "safe" state for handling

of the Tug, and to prepare these systems for any required maintenance action.
i i, , , i

TASK LOCATION:

TASK EQUIPMENT:

185

Shuttle Safing Area/KSC of WTR

191 Workstands

Umbilical Kit
,, , |

161 Prod Pneu Console

Hydrogen Gas Disposal System 126 Cryo Tank _rucks

139 Gas Sampling Equipment 163 Prop or Pneu Cont. Console

118 C/O Cable Kit (ParZial)

MANPOWER REQUIREMENTS: PROPULSION TECH 0 M-HRS

MECHANICAL TECH 0 M-HRS

AVIONICS TECH 12 M-HRS

ENGINEERING zo M-HRS

QUALITY CONTROL i0 M-HRS

SAFETY i0 M-HRS

OTHER 20 M-HRS

-' ca. zn_ #_ea untilINTERFACE REQUIPEI_ENTS: .me 3huttle must remain at the :" _" -

LIQUID

RESIDUALS

completion of _ask.



TASK TI TLE:

TASK DESCRIPTION SHEET

TRANSFER TUG TO SPF (3.1.2)

TASK OBJECTIVE: Transfer of the Space Tug to the Storable Propellant Facility.
i m n I ,

TASK PURPOSE: To provide the Tug at the Facility location vhere the storable

.propellant ACPS can be placed in a "safe" state.

TASK LOCATION: MCF to SPF/ESC and WTR

TASK EQUIPMENT: 123 Tug Cover

183 Transporter

182 Tractor

12h Cradles

191

MANPOWER REQUIREMENTS:

INTERFACE REQUIREMENTS:

Workstands

PROPULSION TECH 0 M-HRS

MECHANICAL TECH 1 M-HRS

AVIONICS TECH 0 M-HRS

ENGINEERING 2 M-HRS

QUALITY CONTROL o M-HRS

SAFETY 0 M-HRS

OTHER 9/17 M-HRS

NONE



TASK TITLE:

TASK OBJECTIVE:

of the Space _.
i i u i • |

TASK DESCRIPTION ,_HEET

TUG ACPS SAFING (3.1.3.a)

To vent, drain, purge, and leak check the bipropellant ACPS

TASK PURPOSE: To place the ACPS in a "safe" state and to prepare the system
• iii i

for any required maintenance action. Also, to identify a system vhich is leaking
i i • l i , m | , |,

and viii require unscheduled maintenance.
t, L t |

TASK LOCATION:

TASK EQUIPMENT:

Storable Propellant Facility/KSC and WTR

112 APS Loading Access Kit

L

Two Personnel Protection (SCAPE)

139

161

113

MANPOWER REQUIREMENTS:

INTERFACE REQUIREMENTS:

task.

Gas Sampling EQuipment

Pneumatic Console

Two Propellant Servicers

,I_I ,,_'[orkstand

!h8 Signal 9ond Unit -

109 Pcrtable Cleanliness Tent

PROPULSION TECH 16 M-HRS

MECHANICAL TECH 35 M-HRS

AVIONICS TECH _2 M-HRS
i

ENGINEERING 22 M-HRS

QUALITY CONTROL 2l M-HRS

SAFETY 8 M-HRS

OTHER M-HRS

The Tug must remain at the SP? until completion of

The cryogenic system must be safed prior to this operation.



TASK DESCRIPTION SHEET

TASK TITLE: TUG ACPS SAFING (3. i. 3.a Alternate)

TASK OBJECTIVE: To vent, drain, purge, and leak check the bipropellant ACPS

of the Space Tug.

TASK PURPOSE: To place the ACPS in a "safe" state sad to prepare the system
, L

for amy required maintenance action. Also, to identify system requirements

from leaking for unscheduled maintenance.
i , i

TASK LOCATION:

TASK EQUIPMENT:

Safing Area/KSC and WTR

112 APS Loading Access Kit
i

191 _:orkstands
m

2 Personnel Protection (SCAPE)

139 Gas Sampling Equipment
i

161 Pneumatic Console

113 2 Propellant Servicers

MANPOWER REQUIREMENTS:

INTERFACE REQUI RE_E_ITS:

109 Portable Cleanliness Tent

163 Prop or Pneu. Cont. Console

PROPULSION TECH 16 M-HRS

MECHANICAL TECH 35 M-HRS

AVIONICS TECH b2 M-HRS

ENGINEERING 22 M-HRS

QUALITY CONTROL 21 M-HRS

SAFETY 15 M-HRS
i

OTHER 22 M-HRS

The Shuttle must remain at the s.%fing area for this



TASK DESCRIPTION SHEET

TASK TITLE: TUG ACPS SAFI/_G (3.1.3. b)

TASK OBJECTIVE: To vent, drain, purge, and leak check the monopropellant ACPS
, , , ,,

of ,the Space Tug

i i ,,, ........

TASK PURPOSE: To place the ACPS in a "safe" state and to prepare the system

.for any required malntenance action. Also, to.identify a system leak failure

which will require unscheduled maintenance.

i i

i

T_K LOCATIO_: Storable Propellant Facility/KSC and WTR

TASK EQUIPMENT: 112 APS Loadin_ Access Yit

183 Transoorter

i i

Two Personnel Pro%ection (SCAPE)

182 Tractor

123 Covers

139 Gas Sampling Equipment ....

161 Pneumatic Console
m • , • m

113 Propellant Servicer

Portable Cleanliness Tent

Security Vehicle

MANPOWERREQUIREMENTS: PROPULSION TECH .........I0 , M-HRS

MECHANICAL TECH 2_ M-HRS

AVIONICS TECH i} M-HRS

ENGINEERING 16 M-HRS

(_IALITY CONTROL lo M-HRS

SAFETY _ M-HRS

OTHER M-HRS

INTERFACE REQUIREMENTS: The Tu5 must remain at the SPF until ccm_letion of
J_

task. The cryogenic s_st_n must be safed prior to this operation.



SHUTTLEIMPACT

TASK DESCRIPTION SHEET

TASK TITLE: TUa AC.P_S,SAFIqIG (3,1,3,b_._l_ernate)

TASK OB_]ECTIVE: To vent, drain, pur_e, and leak check the monopro_ellant

AC?S of the Sp_ee ,.T_. .......

i ,, ,, | , m

TASK PURPOSE: To place the ACPS in a "safe" state and to prepare the szstem

for any requlred maintenanc_ action. Also_ to identif_ a s_stmn leak failure

which will require unscheduled maintenance.

, , ..... • • , , ,

TASK LOCATION: Safln_L Area/KSC and WTR

TASK EQUIPMENT: 112 APS Loading Access Ki-:

., i m | i i i . _

Personnel Protection (SCAPE}

139 Gas Sampling Equlpment

161 Pneumatic Console

113 ACPS Servicer

] , ii

163 .Prop or Pneu. Cont. Console

MANPOWER REQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

• i

10
i

i i = =

15 ....

16
i

10

i0

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

INTERFACE REQUIREMENTS: The Shuttles must remain at the Safln5 .krea for



TASK DESCRIPTION SHEET

TASK TITLE: TKAI_SFER TUG A/[D SPACECRAFT TO SPF (3.i. _)

TASK OBJECTIVE: Transfer of returnlnK payload to the Storable Propellant

Fact!it _.

| i , , • ,, n, , , ,u

TASK PURPOSE: To proylde the, pa_load at the facilit 7 location where the

storable propellant s[stems can be placed in a "safe" state.

TASK LOCATION: MCF to SPF/KSC and WTR

TASK EQUIPMENT:

122

123 Tu_ Cover

S_acecraft cover

, m

183 Transporter

182 Tractor

, | i , i , ,, , ,,

12h Cradles

MANPOWER REQUIREMENTS: PROPULSION TECH o M-HRS

MECHANICAL TECH l M-HRS

AVIONICS TECH o M-HRS

ENGINEERING 2 M-HRS

QUALITY CONTROL o M-HRS

SAFETY o M-HRS
i

OTHER 12122 M-HRS

INTERFACE REQUIREMENTS: MP_n;_wer requirements are a function of Spacecraft

safing requirements.



TASK DESCRIPTION SHEET

TASK TITLE: TUG SAFI:(G (3.1.5.a)
i

TASK OBJECTIVE: To vent,drain, purge, and leak check the bipropellsmt Aces

of the Space Tug with the spacecraft attached.

IlL

TASK PURPOSE: To place the ACPS in a "safe" state and to prepare the system

for any required maintenemce action. Also, to identify a system which is leaking
L

and vlll require _scheduled maintenance.

TASK LOCATION: Storable Propell_t Facility/KSC and WTR
, im J

TASK EQUIPMENT: 112 APS Doadin_ Access Kit
i iw i , "

/ _ ,i s

139

ii , |i ,,

113 APS Servicer
• i i ,

Two Personnel Protection (SCAPE)
iml

Gas, Sampling Equipment
L

161 Pne_tic Console
• l i .i

123

185 I_bilical Kit

183 _rans_orter

182 Tractor

Covers

163 Prop or Pneu. Cont. Consol__

192 Sec_Aritv Vehicle

113 T_o Propelle_t Se:_icers

MANPOWERREQUI REHENTS: PROPULSION TECH 16 M-HRS

MECHANICAL TECH 37 _ M-MRS

AVIONICS TECH 42 M-HRS

ENGINEERING , _2 M-HRS

QUALITY CONTROL 2_ M-HRS

SAFETY ).l_ ..... M-HRS

OTHER l b/b 7 M-HRS

INTERFACE REQUIREMENTS: Cryogenic system safing must be completed before thi:_

. opera_ion.



TASK DESCRIPTION £HEET

TASK TITLE: TUG SAYING (3.1.5.b)
|

TASK OBOECTIVE: To vent, drain, purge, and leak check the monopropellant ACPS

of,the Space Tu_.with,the spacecraft a%tached.

TASK PURPOSE: To place the ACPS in a "safe" state and to prepare the system

,foR an[ require d maintenance action. Also, to identify a system leak which will

require unschedule_ maintenance.
, |

, i, u

TASK LOCATION: Storable Propellant Facility/KSC and WTR

TASK EQUIPMENT: 112 APS Loading Access Kit

183 Transnorter

182 Tractor

Two Personn(_l Protection (SCAPE) 123/122 Covers

139 Gas Sampling EquiDment

161 Pneumatic Console
, . i , m

113 Propellant Servicer '

16B Prom or Pneumatic Cont.
Console

_,_NPOWER REQUI REMENTS : PROPULSION TECH i0 M-HRS

MECHANICAL TECH 2h M-HRS

AVIONICS TECH 15 M-HRS

ENGINEERING 16 M-HRS

QUALITY CONTROL i0 M-HRS

SAFETY I0 M-HRS

OTHER i_/3_ M-HRS

INTERFACE REQUIRDIENTS: Cryo safing must be completed prior to this aetivi:y.



TASK DESCRIPTION SHEET

S}_I_LE I'.tPACT

TASK TITLE: l_cov_ _IG AT SAFIZ_G AREA (3.2.2)
"L • • I " ,, ,

TASK OBJECTIVE: T_ remove re_ur.in_.%'._ fro=.the s_ace Shuttle Orbiter Vehicle

_ | i i , , ,, ,, i , • ,

TASK PURPOSE: Remove the Space Tug to initiate the Tug ground turnaround

operations amd release the Orbiter for its turnaround operations.
,. , ,.m , . , • .,il [ ] i

. |

TASK LOCATION:

TASK EQUIPMENT:

Safing Area/KSC and WTR

183 Transporter 182. Tractor - Tr_nsnnrter ......

2 Overhead Cranes

lh0 h.Tag Lines

123 Tug Cover
| ,,l

191 Work Stands

12h .Cradles

MANPOWER REQUIREMENTS:

INTERFACE REQUIREFIENTS:

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

0 M-HRS

in M-HRS

n M-HRS

6 M-HRS

0 M-HRS

,2 .... M-HRS

.... 29 M-HRS



TASK DESCRIPTION SHEET

TASK TITLE: RECOVER TUG AT MCF (3.2.3)

TASK OBJECTIVE: To remove the returning Tug from the Space Shuttle Orbiter

Vehicle.
, , . ,..

i | ., . 'L

TASK PURPOSE: Remove,the Space Tu_ from the Orbiter to initiate the Tug

turnaround operations and re_ease the Orbiter for its turnaround operations.

| , , . , .. m , ,

TASK LOCATION:

TASK EQUIPMENT:

MCF/KSC and WTR

Transporter

Two Overhead Cranes

lh0 Four Tag Lines

123 Tug Cover

191 Work Stands

12h Cradles

MANPOWER REQUIREMENTS: PROPULSION TECH 0 M-HRS

MECHANICAL TECH lo M-HRS

AVIONICS TECH o M-HRS

ENGINEERING 6 M-HRS

QUALITY CONTROL O M-HRS

SAFETY 2 M-HRS

OTHER 2_ M-HRS

I_TERFACE REQUIREMENTS:

-_ttle for its operations.

Tas,k must be completed by G.E.T. of 25 hours to



SHXYfTLEI:,_A '?

TASK DESCRIPTION '._HEET

TASK TITLE: R_,COVER TUG AND SPACECRAFT AT .CAFING AREA (3.2._)

TASK OBJECTIVE :

Yehl ci •.

To remove the returning payload from the Space Shuttle Orbiter

TASK PURPOSE: Remove the payload to initiate the payload turnaround operations

and release the Orbiter for its turnaround operations.

TASK LOCATION:

TASK EQUIPMENT:

lhO

123

122

191

Saf,in_ Area/KSC and "_R

183 Transporter !_4 Cradles

2 Overhead Cranes

Tag Lines

Tu$ Cover

S_acecraft Cover

Workstands
,,,m

.,m

MANPOWER REQUIREMENTS:

INTERFACE REC_IREME_fTS:

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECFI

ENGINEERING

QUALITY CONTROL

SAFETY

OTFIER

0
, L

15
, m , i

0

6

0

2

30

M-HRS

M-HRS

M-HRS

M-HRS

M-HR5

M-FIRS

M-HRS

JD-m



TASK DESCRIPTION SHEET

TASK TITLE: P_c0v_R TUG m_D SPACECRAFT AT MCF (3.2.5)
i i

TASK OBJECTIVE: To remove the returning Payload from the Space Shuttle
,__ • i ,

Orbiter Vehicle
i IL

, I

TASK PURPOSE: Removethe Payload from the Orbiter to initiate the payload

turnaround operations and release the Orbiter for its turnaround operations.

TASK LOCATION:

TASK EQUIPHENT:

,,|

MCF/KSC and WTR

183 Transuorter

Two Overhead Cranes 12h Cradles

lhO Four Tag Lines
,. . |

123 Tug Cover

122 Spacecraft Cover

191 Work Stands

MANPOWER REQUIREMENTS:

INTERFACE REQUIREMENTS:

PROPULSION TECH o M-HRS

MECHANICAL TECH 15 M-HRS

AVIONICS TECH o M-HRS

ENGINEERING 6 M-HRS

qUALITY CONTROL o M-HRS

SAFETY 2 M-HRS

OTHER 2_ M-HRS

Task must be comoleted by working time of 25 hours

to free Shuttle for its operation.



TASK TITLE:

TASK DESCRIPTION SHEET

RECOVER FSE (CABII{) EQUIP,'_'IT (CONSOLE) (B.2.6.a)

TASK OBJECTIVE: To remove the display and control equipment from the

returning Orbiter Vehicle.

TASK PURPOSE: To initiate the_turnaround ope?ations of the Tug Display an_

Control Eculument and release the Orbiter for its turnaround onerations.
, , -J W • ,L , , ,

TASK LOCATION:

TASK EQUIPMENT:

MCF/KSC and WTR
L

iBh E_uiument Van

191 ";orkstands
• ,, , , , ,

MANPOWER REQUIREMENTS:

INTERFACE REQUIREMENTS:

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

o

5

2

0

3

0

i0

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

SAFETY

OTHER



TASKTITLE:

TASKDESCRIPTION SHEET

.RECOVER FSE (CABIN) EQb":P.'._':_(C.,.,_-C) (3.2.6.10)

TASK OBJECTIVE: To remove DOD CO,_LSEC FSE from the Orbiter cabin.

, i i i ,,i ,,, i i • - ,i i

TASK PURPOSE: To initiate the turnaround operatigns of the COMSEC equipment

and release the Or.b.it.e.r.for its turnaround operations.

TASK LOCATION:

TAS K EQUIPMENT:

MCF/KSC and WTR

13h Ecuimment V.n

191 Workstands

MANPOWER REQUIREMENTS:

INTERFACE REQUIREMENTS:

i ,l ,, ,

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

, , , i ,

o M-NRS

I. 5 M-HRS

i. 9 M-HRS

o M-HRS

o.5 M-HRS

0 M-HRS

2 M-HRS



I TASK DESCRIPTION SHEET

TASK TITLE: RECOVER FSE (PAYLOAD BAY) EQUIPMI_|T (3.2.7)
, ,, ,,, , , | i

TASK OBJECTIVE: To remove the Tug Flight Support Equipment from the payloacl bay
,l, |, i | ,, i i

of the Orbiter Vehicle.
| , , i i

TASK PURPOSE: To initiate the turnaround operations of the Flight Support

Equipment and release the Orbiter for its turn_o_d operations.
ml,

TASK LOCATION:

TASK EQUIPMENT:

MCF/KSC and WTR

191 Workstands

134 =""_-nt Van

MANPOWER REQUIREMENTS:

INTERFACE REQUIREMENTS:

time of 26 hours.

PROPULSION TECH i M-HRS

MECHANICAL TECH 5 M-HRS

AVIONICS TECH 5 M-HRS

ENGINEERING 3 M-HRS

QUALITY CONTROL 3 M-HRS

SAFETY 2 M-HRS

OTHER 19 M-HRS

Operations must be complete_i w,rior to Shuttle wor}-in:

L ,



TASK TITLE:

TASK DESCRIPTION SHEET

TRANSFER FSE TO PPF (3.2.8)

TASK OBJECTIVE: Transfer of Tug DOD Flight Support Equipment to the Payload
..... , L ± . .' ,

TASK PURPOSE: To allow required turnaround operations on the DOD Flight

, , , , i • i

TASK LOCATION: HCF to PPF/ICSC

TASK EQUIPMENT: 131_ Equipment Van

192 Security Vehicle
i

|

MANPOWER REQUI REMENTS:

INTERFACE REQUIREMENTS:

PROPULSION TECH 0

M£CHA__IC,AL TECH O

AVIONICS TECH 0

ENGINEERING O

QUALITY CONTROL

SAFETY o

OTHER $/lO

Recuires airlock_ ogeration

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

to insure I00;000,



TASK TITLE:

TASK DESCRIPTIO?( SHEET

TRANSFER FSE TO TPF (3.2.9)

TASK OBJECTIVE:

Facility

To transfer Flight Support Equipment to the Tu6 Processing

TASK PURPOSE: To initiate the ground turnaround operations on the Flight

Support Equipment.

.m

TASK LOCATION:

TASK EQUIPMENT:

,J

MCF or PPF to TPF/KSC

IBh Eau/pment Van

VANPOWER REQUIREMENTS:

INTERFACE REOUIREMENTS:

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

0

0

0

0
i i .i ,

1

0
i Jim i i

10

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS



TASK TITLE:

TASK DESCRIPTION SHEET

TRANSFER FSE TO PPF (3.2.10)

TASK O_ECTIVE: To transfer FSE to the Payload Processing Facility
J

• |e |, m, L •

m

TASK PURPOSE: To initiate Tug vehicle FSE turnaround operations

TASK LOCATION:

TASK EQUIPMENT:

i

MCF-to-PPF/WTR
J ,,

134 Equipment Van

MANPOWI,' REQUIREME'_'rS:

INTERFACE REQUIREMENTS:

PROPULSION TECH 0 M-HRS

MECHANICAL TECH 0 M-HRS

AVIONICS TECH 0 M-HRS

ENGINEERING 0 M-HRS

QUALITY CONTROL 1 M-HRS

SAFETY 0 M-HRS

OTHER lO/l_ M-HRS



TASK DESCRIPTION SHEET

TASK TITLE: TRANSFER TUG AND SPACECRAFT TO PPF (3.3.1)

TASK OBJECTIVE: Transfer %he returning DOD payload to the payload processing

facility at KSC
i i t i i

• ........ i

..... w_ ..... • , ,,

TASK PURPOSE: To allow the returning D0D payload to begin dematin_ and main-

tenance and refurbishment operations and _o release the NASA Tug for TPF

operations.

, m ,i

TASK LOCATION: Pl_/Icsc
, ,i i i ,

TASK EQUIPMENT: 183 Tr_sporter

182 Tractor

123 Tug Cover
m,

122 Spacecraft Cover
i•

192 Security Vehicle
L

12_ Cradles

MANPOWERREQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

INTERFACE REQUIREMENTS:

. ,. , • i , ,, .

Q M-HRS

2 M-HRS

0 M-HRS

:_ M-HRS

o M-HRS

, o, M-HR5

1011h M-HRS

•z-z.eaP ..aX"i



TASK DESCRIPTION SHEET

TASK TITLE: DEMATE TUG AND SPACECRAFT (3.3.2)

TASK OBJECTIVE: To separate the returning Tug and spacecraft.

! i

TASK PURPOSE:

spacecraft.
,|

i , ,, ,n ,

To allow recycle operations to begin on the Tug and the
t ' I ' 't ' • , " , ' ' '

TASK LOCATION:

TASK EQUIPMENT:

|, ,L , .,, |

TPF/KHC and PPF/WTR

191 _lgrkstands

Overhead Crane
m IH , J

Spacecraft Slings

183 TransPorter .....

124 Cradles
i i L IL .,,

•, , II

H/V_POWER REQUI REMENTS:

INTERFACE REQUIREMENTS:

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

o

3

3

1

0

1
, i ,

h

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS
J_

M-HRS

M-HRS



TASK TITLE:

TASK DESCRIPTION SHEET

TRANSFER TUG TO TPF (3.3.3)

TASK OBJECTIVE: To transfer the returning Tug to the Tug Processing Facility
, ,l i

TASK PURPOSE:

, m

To allow the recycle operations to begin on the Tug vehicle.

TASK LOCATION: nsc

TASK EQUIPMENT: 183 Tr{%nsnorter

182 Tractor , ,,

123 Tug Cover

Qverhead Crane

124 Cradles

,, , , ,

MANPOWER REQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

INTERFACE REQUIREMENTS:

o
m i . i ,

o

0

0
• i i i

13

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-XRS
ii,

M-HRS

:C--



TASK DESCRIPTIO_i SHEET

TASK TITLE: RECOVER SPACECRAFT EqUIP:4h_'N':?(3.3. h)
,-- .,.

TASK OBJECTIVE: To recover DOD peculiar spacecraft equipment on a delivery
• , • i ! i i i . i ii

_iSSiOD.
ul

i, | , i • , , , , ,, m

TASK PURPOSE: To remove DOD spacecraft equil_nent to "declassify" the Tug
| L i J L ',

vehicle prior to recycle operations in the TPF.
i i | i

TASK LOCATION:

TASK EQUIPMENT:

191

!8B Transporter

Work Stands

Overhead Crane

123 Tug Covers
i m,

12_ Cradles

MANPOWER REQUIREMENTS:

INTERFACE REQUIREMENTS:

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

0 M-HRS

2 M-HRS
i ii i

I M-HRS

o._ M-HRS

M-.HRS

, o.... M-HRS

8 M-HRS

_(



TASK OESCRIPTION SHEET

TASK TITLE: T_%NSFER TUG TO PPF (3.3.5)

TASK OBJECTIVE: Trsasl'er Tu5 %o the DOD Psylosd P:oces,sin._ Facility

• , ,| i i ,, , .. i

TASK PURPOSE: For DOD Pa[load Peculiar Equipment removal at KSC to

,Ini%late turnaround operations of the _u_ at WTR.

TASK LOCATION:

TASK EQUIPMENT:

MCF-to-PPF/KSC

18_ Transporter

182 Tractor

123 Tu_, Cover

192

Cradles
J

Security Vehlele

MANPOWER REQUIREMENTS :

INTERFACE REQUIREMENTS:

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

1

0
i

2

0
1

2
m

0

0
i i

lo/1L

M-HRS
i

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

.2)-.:I'.,%'-



TASK DESCRIPTION SHEET

TASK TITLE: TRANS_R TUG m_D SPACEC.RAF_ TO TPF (3.3.6)
L

TASK O_ECTIVE: Tran,sfer the returnin_ payload to the Tug processing ,,facility"

TASK PURPOSE: To allow the returning payload to begin demating and maintenance
..... i | , m • i

and refurbishment operations.

TASK LOCATION: KBC
, i

TASK EQUIPMENT: 183 Transoorter

182 Tractor

123 Tun Cover

122 Spacecraft Cover

12h Cradles

Overhead Crane

I&%_IPOWERREQUIREMENTS:

INTERFACE REQUIREMENTS:

L , •

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

qUALITY CONTROl.

SAFETY

OTHER

,, ,,, | ,

o

3

o

, ,= •

o
L

o

13/17

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS



TASK DESCRIPTIOt( .CHEET

TASK TITLE: DN?4ATE TUG AND SPACEC._/T (3. ?,.T )
L ...... 1 _ l n

TASK OBJECTIVE: To seDarate the returning Tug and DOD spacecraft

TASK PURPOSE:

spac,,eera_t.

,. , ,, , , ., ,

To allow recycle operations to begin on the Tug and the

T..kSKLOCATION: Payload Processing Facility/KSC

TASK EQUIPMENT: 191 T/orkstands

Overhead Crane

12h Cradles

lh0 Handling Kit

Spacecraft Slings

183 Transporter

Airlock

123 Tug Covers

122 Spacecraft Cover

MANPOWER REQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECll

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

0

i

1.5

1.5

%.P

lO. 

INTERFACE REQUIREMENTS:

L

M-HRS

M-HRS

M-HRS

M-HRS

M-H_

M-HRS

M-HRS

L

7



TASK DESCRIPTION SHEET

TASK TITLE: _vF_ SPACECI_L_ EQUIPP'_'_1T (3.3.8)
ii i

TASK OBJECTIVE: To recover spacecraft peculiar equtl_nent. . folloving a delive-_/

mission.
I i i i ii • i i . i ill rail

i I i i ill iJ i • i .. i • i | i .

TASK PURPOSE: To remove special spacecraft equil_, ent.. from the Tug prior to

recycle operations in the PPF.
i iJ m i |m

L_ II -- ' ,, I ' I ' • I, , , I '

go I I I II II II gm IJl I m

I ' • • I I, , I ,,I, I I L |

TASK LOCATION: PPF/WTR and TPF/I'-.SC
i i• i| i

TASK EQUIPHENT: 18B Transporter

, w I i

191 Side Work Stands
,n i • i i _ i i

12_ Cradles
, ,- L

I I I II ' .........

MANPOWER REQUIREHENTS: PROPULSION TECH 0 H-HRS
• ,_ w i

MECHANICAL TECH ....... I._ ,, H-HRS

AVIONICS TECH O. 512.5 H-HRS

ENGINEERING o H-HRS

QUALITY CONTROL o H-HRS
i

SAFETY o H-HRS
|m

OTHER ,3 , , , H-HRS

INTERFACE REQUIREMENTS:



TASK DESCRIPTION SHEET

TASK TITLE: TRA_ISFER TUG TO PPF (3.3.9)
• • .•i • . i m i ,

TASK OBJECTIVE: TO t.z',mster the ret..,._-,.izsg _ t.o..the Payload. I'roces..si,¢.

.FaoI11¢¥

TASK PURPOSE:

i ii ii ml ,,1 I i,, i ii i ,

i mE i i i ii

LTo allow the recycle operations to begln on the Tus vehicle._

ii | i ik , _, i ,,,

| m , i • i i i |,i i |, J i i i , , i m ,

m| • L iii I ,,, ii , m, i • i

I im

TASK LOCATION: WTR
i

TASK EQUIPMENT: 18 3 Transporter

182 Tractor

133 Tug Covers

Overhead Crane

A1rlock
i i L

122 Cradles

,m i

I_POMER REQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

INTERFACE REQUIREMENTS :,

i,, - , • l i i i i •

o M-HRS

im

3 M-H_

,o
z_ M-HIt5

0 M-HRS

0 M-HRS

13/17 M-HRS



TASK DESCRIPTIOt! SHEET

TASK TITLE: TRANSFER TUG AND SPACECPAFT TO PPF (3.3.10)

TASK OBJECTIVE: Transfer _he,returnlng Payload to the Payload Processing Facillty.

........ i,

TASK PURPOSE: To allow the returning payload _o begin dematinK and ma/ntenance

and refurblshmen_ operations.

TASK LOCATION: T_

TASK EQUIPMENT: _83 Transporter .....

182 Tractor
L

123 Tug Cover

122 Spacecraft Cover

Overhead Crane
, i , ,,J ,

Airlock

124 Cradles
m --- , ,, | , ,

V_'_OWER REQUIkEHENTS: PROPULSION TECH

HECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

I_TERFACE REQUIREMENTS:

.0 . ,

13117

|,

M-HRS

M-HRS

M-HRS

M-HRS

H-HRS

M-HRS

M-HRS
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FLIG}_ SOFTWARE
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MDAC-FURNISHED SOFTWARE (EQ NO, 31 t)
ISACONTROL PROGRAM FOR

• COLD FLOW

• STATIC FIRING

MDAC CABLE KIT

EQ. NO. 308

MDAC

AEDC

AEDC FURNISHES ALL

SUPPORT SOFTWARE

AND THEIR SYSTEM

CONTROL SOFTWARE

m m

n

I

MDAC I

INTERFACE

JUNCTION BOX
EQNO. 310 I

IL'_' f

AN A LOG I

MULTIPLEXER i
I

I ANALOG TO
DIG ITA L

CONVERTERS

!
TAPE UNIT

i
i '44HCOMPUTER

SYSTEM

mira
CRT

DISPLAYS

PROPULSION

TEST

VEHICLE

LINE

PRINTER

CR 143

\
\

MDAC HOLDING FIXTURE

EQ NO. 309

H ON-LINE I
PROCESSO R

Propulsion Test Vehicle/Ground Support Equipment Assembly
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CONFIGURATION OPTIO:t

GSE DESC£_II-_IC,NSHEET

RAME: AIR CA/_RY ;_IRO_4_fAL KIT -- VPG L'QUII_4_q:TNO. 104

FUNCTIONAI. REQUIR_._EL_'(S) :

Maintains the stage fuel and LOX tanks and the propulsion subsystems in a clean

dry condition during transportation in the Super Guppy.

EQUIPMENT DESCRIPTION :

Simlla_ to DSV-4_-I_62
• ,,

COST

EQUIPMENT CATEGORY :

IST YEAR REQ'D

EQUIP;4EZ+T UTILIZATION :

FU NCTI OffAL

FLOW BLOCK

N_4BER

i.I._

(DESIGN AND DEVELOPM_{T)

(RECURRING/UNIT)

MODIFIED 10% AS IS 90%

NUMB 'h_ AVAILABLE

LOCAT!O.N NIN_BER

REQUIRED REQUIRED

KSC !

-._Jl

TOTAL REQUIRED 1 TOTAL COST $ 360_

£+/I



CONFIGD_ATiON OPTION

GSE DESCRIPTION SHEET

_tME: AIR CARRY ENVIRONMENTAL KIT -- VPG EQUII_4ENT NO. 105

FUNCTIONAL RECUIRF34E_"_{S):

Maintains the stage fuel and LOX tanks and the propulsion subsystems in a clean

dry condition during transportation in the Super Guppy.
i

_UIR4ENT DESCRIPTION :

_.u._tz_.ze I_V-_B-z86_)

c_'r $ ....o

EQUI.r_.'_E!.'TCATEOORY:

$ 0

NEW MODIFIED

IST YEAR REQ'D

_UIPI_T_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

1.1._ -

(DESIGN AND DEVELOPMENT)

(.RECURRING/UNIT')

NUMBER AVAILABLE

AS ZS Z00_

LOCATION

R_UZRED
RL%_BER

REQUIRED

KSC 1

• m t

L

i

J

W

TOTAL REQUIRED TOTAL COST $ --0-- _
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GSEDESC':IPTI(,NCHEJ-_

NAME:AIR CARRY ROLLER TRANSFER KIT -- VPG EQUI_4_7:T NO. 106

FUNCTIONAl, R._:UI......_:_ (o) :

Provldes the means of adapting the transporter to facilitate %he transfering

of the stage when the stage is shipped by Super Guppy.

EQUIP_'ENT DESCRIPTION :

COST $

--0--

EQUIE4ENT CATEGORY:

NEW X

3ST YEAR REQ'D

EQUI_4E_ UTILIZATION:

FUNCTIO_:AL

FLOW BLOCK

N[_4BER

s

l,l.h

MODIFIED

(DESIGN AND DEVELOPMENT)

(RECURRING/UNIT)

AS IS

_ER AVAILABLE

X

LOCAT ION

REQUIRED

KSC

WTR

NUMBER

REQUIRED

1

.1

TOTAL REQUIRED 2 TOTAL COST $ --0-- •



CONFIGURATION OPTION

NAME: AIR CABBY SUPPORT -- VPG KOUIE.I_:T NO. 107

FUNCTIONAL RE_UIEk_hT(S) :

Provides support for stage during all transportation modes.

EQUIPMENT DESCRIPTION:

8_lar to DSV-_B-18_9

COST $ 20,000 (DESIGN AND DEVELOPME_ )

$ 15,000 (RECURRING/UNIT )

EQUIPMENT CATEGORY:

NEW MODIFIED 50% AS IS 50%

IST YEAR REQ'D NU_h_ AVAIIABLE

EQUIPMEI_T UTILIZATION:

FUNCTIO_;AL ""
LOCATION NIN4BER

FLOW BLOCK
RF_.UIRED REQUIRED

N_4_ER

TOTAL REQUIRED 2 TOTAL COST___ $ 50,000
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CONFIGURATIO_ OPTI0_;

NAME: AIR CARRY TIZ DOW_ KIT -- VPG FQUI[_4_;T NO. 108

FUNCTIO:_AL REQUIRk!_!_(S) :

Secures stage inside Super Guppy and protects it from undue acceleration and

._J

deceleration inertia.

_UIE4ENT DESCRIPTION:

8imilar to DSV-hB-1861

COST $ bOO0 (DESIGN AI[D DEV£LOPM_NT)

$ 2500 (RE¢IR_RING/UNIT )

EQUIPMEZT CATEGORY :

NEZ.;X MODIFIED AS IS

IST YEAR REQ'D Nt_BER AVAILABLE

EQUIPMENT UTILIZATION:

FUNCTIO_[AL

FLOW BLOCK

N_4BER

LOCATION

BEQUIRED

l.i.h KSC l

TOTAL REQUIRED 1 TOTAL COST $ 6500
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CONFIGURATION OPTION

GSE DESCFIPTI(_,':SHE,_

NAME: ALIG_R_V2 KIT EDUI/%I}U;T NO. Ii0

FUNCTIONAL Rz_..U±R_._L.(S) :

Provides necessary hardware for allgnment, installation, and staging to the

spacecraft.

EQUIPMENT D_JCRIPTION :

Similar to DSV-hB-_40

COST $ 7200

$ 3300

(DEEIGN AND DEVELOPMENT)

(RECURRING/UNIT)

MODIFIED

NU_ER AVAIIABLE

AS IS

EQUIPMENT CATEGORY :

ND; x

]ST YEAR REQ' D

EQUIPMEI_T UTILIZATION:

FUNCTIOI;AL

FLOW BLOCK

Ni_4BER

LOCATION NI_._.BER

REO UIRED REQUIRED

TPF/KSC i

PPF/KSC .I

PPF/WTR I

TOTAL REQUIRED 3 T_rAL COST _ 17,100
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CONFIOUMA'A'AU_ OPTION

GSE DESCRIPTION SHEET

NAME: APS BREAKOUT CONTROL BOX _DUI_.4_'T NO. iii

FUNCTIONAL REQUIRF_ (S) :

Provides individual electrical control O f the APS thruster valves and isolation

valves for checkout.
-- m

. _ . -- .,, ,

BQUIR4ENT DESCRIPTION:

TWelve cable assemblies, suitcase assembly which conta/ns one momentary sw., five

push button indicator sw., one toggle sw., six indicator lamps, two circuit brewers,

one six-bank wafer sw., five fuxes, twelve connectors, and associated wiring.

(Similar to DSV-7-106).

CO_T . $ 500

t, 250

EQUIP_.;ENT CATEGORY :

NEW X

IST YEAR REQ'D

EQUIP;4E_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

(DESIGN AND DEVELOPMEFf)

(RECURRING/UNIT )

MODIFIED 50% AS IS

_ _JMB_ AVAILABLE

5o_

LOCATION

REQUIRED

NUMBER

REQUIRED

New Checkout

and i.i. Ii

New Checkout

and i.i.ii

TPF/KSC

pPF/WTR

,Factor_

.

1

1

TOTAL REQUIRED T_rAL cosy _ _,25o



CONFIUUHATAUa OPTION

GSE DESCRIPTION S_EET

APS LOAD_{G ACCESSORIES KIT EOUI R4EMT NO.
112

FUNCTIONAL RECUIR_ (S) :

To adapt APS servicer to vehicle and provide miscellaneous tools and equipment

required for storable APS loading.

EQUIPMENT DESCRIPTI ON:

Collection of hoses, tools, and other equipment for use in APS loadlr_ and

unloading operations.

COST

EQUI!_M..ENTCATEGORY:

NEW X

ISTYEAR REQ'D

EQUIPME_r UTILIZATION:

_.CTIONAL
FLOW BLOCK

NUMBER

_, 2.1.7

, I00O

$ 2000

(DESIGNAND DE%_LOPMENT)

(RECUPaZ_Q/U_n)

MODIFIED AS IS

NUMBER AVAILABLE

LOCATION

R_UIRED

.Storable/KSC

storable/WTR

Faqtory

NUMBER

R_QUIRED

1

I

1

TOTAL REQUIRED TOTAL COST $ __ 7,000

-4T-- t---_$



GSE DESCI_IPTION SHEE_

T/A!4E: APS SE_VICE_ / EDUIV_4_:T riO. ll3

FUIICTIONAI. _E[UIREI_I_f(S) :

, Provide purging, loadin_,, and tutloading of APS Bi-Propellant SvsT,en

EvQUIE4ENT DESCRIPTION:

Modification to existing Saturn APS Servicer

COST }'I-_Ur¢IT: $ 500

S 200

EQUIPI4ENT CATEGORY :

N}_; MODIFIED X AS IS

IST YEAR REQ'D NU_B'k_. AVAIIABLE

EQUIPMEh_f UTILIZATION :

FUNCTIONAL
LOCATION

FLOW BLOCK
NLq4BER REQ.UIRED

2.1.7 Storable/KSC ,

St0rable/WTR

2

2

TOTAL REQUI_ED 'tOTAL COST $ 8,5[J0



IDENT NO.

18355

Sh£LT



CONFIGURATION OPTION

GSE DESCJ<iPTION SHE_

NAME: BAT2ERY KANDLING KIT EQ.UIE,IF_;T NO. 115

FUNCTIONAL R_'_.UIRh,_I_ (o) :

Provides installation of batteries in stage when in horizontal or vertical

position.

EQUIPMENT DI,_SCRIPTION:

Similar to DsV-hB-h00

COST $ i0,000 . . (DESIGN AND DEVELOPMENT)

$ 2_000 (RECURRING/UNIT)

EQUIPI,,E,,T CATEGORY :

NE%I MODIFIED 5% AS IS 95%

IST YEAR REQ'D h_J_ER AVAILABLE

EQUIPMENT UTILIZATION :

FUNCTIONAL

FLOW BLOCK

N_4BER

LOCATIOn; NI_._BEE

REQUIRED REQUIRED

1".1.20 TPF/KSC 1

.1

TOTAL REQUIEED . TOTAL COST $ i_.000.



CONFICURATIOR OPTION

GSE DESCRIPTION SHEET

R_ME: CHECKOUT ACCESSORIES KIT EO.UIFM_;T NO. 117

FUNCTIONAl, RECUI R_.fl_,_r (S) :

Assembles miscellaneous equipment required for test and checkout.
m ±

_ J

EQUIPMENT DESCRIPTION:

Collection of hoses, gage-regulator assemblies, fittings, leak test equlpment,

test plates, flow meters, and other miscellaneous checkout equipment.

COST

$

EQUIPM.,ENT CATEGORY :

NEW

IST YEAR REQ' D

EQUIPME_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

i .i.7 .I

3000

(DESIGN AND DEVFLOPM_NT)

(RECURRING/UNIT )

MODIFIED X AS IS

NUMBER AVAILABLE

LOCATION

REQUIRED

KSC
|, ii

RF_.UIRED

TOTAL REQUIRED 8 TOTAL COST $ 2_,000



..... i

GSE DESCP.IPTION SHEYTP

NAME:
CHECKOUT CABLE KIT i18

EDUI V,1}uYr NO.

FUNCTIONAl, R...UI R_.F_:I._I'(.,):

Provides interconnects between test sets, vehicle, power, etc.

E_UI_4ENT DESCRIPTION:

Consists of all cable, (power, RF,signal) required to support Tug

Unique checkout in all areas. Cable network - 70 cable assenblies

(80 ft) long - (35 60 pin cables; (18) h pin cables; (5) 39 pin

cables; 7 coax cables; (5) 2h pin cables; breakout cables and general

breakout box.

CO_%T FEE UNIT:

Similar to DSV-_B-726A.

$. 13.500 (DESIGN AND-D_ELOPMENT)

$ 5,100 (RECURRING�UNIT)

EQUIPIII;I:T CATECOR7 :

N]_o/ s MODIFIED 30% AS IS

IST YEAR REQ'D NLrMB!_ AVAI IABLE

EQUIPMEI_T UTILIZATION :

l_JNCTI ON AL

FLOW BLOCK

NUI,tqER

l.l. 5,1.i.7 ALL

LOCATIO.N NI_.4RFR

REOUIRED REQUIRED

KSC _'" 5

WTR " 4

Factory ; 1

1.1.8 ALL

1.1.9 ALL

1.1.1h

2.3.9, 2._.2 __

_J

TOTAL RFOUIE._;D l0 6L 590
TOTAL C0.,_ _



i

......... --'.j : _ l : _ _ _.._,.[_..__, __

CO.."MUNICATION SYSZ_M TEST SET



GSE DESCP.IPTION S}!F.)_T

NAME: COf_4UNICATION SYSTEm4 TEST SET EOUI[%|_:T NO.., 119

FUNCTIONAL REQUIRF3_r_ (S) :

Re@elves, demodulates PCM data from spacecraft, provides for output to _omDuter

stoT.age, contains d.l.splay for visual data monitorin_ of incomin_ signals and.

routing of data to external areas for further ]_rocessin_. Can be controlled

lo@ally or through computer.

EQUI_4ENT DESCRIPTION:

See attachment.

COST PER UNIT: $ 63_,000

EQUIPMENT CATEGORY:

$ 533,000

N_.f X MODIFIED

(NON-REu_RRING)

(RECURRING /YE._ )

IST YEAR REQ'D

EQUIPMEI_T UTILIZATION :

FUNCTIONAL

FLOW BLOCK

N_4BER

1.i.8.9

1.1.9.9

_I/_ ER AVAI IABLE

LOCATION

REQUIRED

TPF/KSC

PPF/WTR

Factory

AS IS

NI_4BER

REQUIRED

I

i"

I

TOTAL REQUIRED TOTAL COST $__Q_



_OMINCLATURE

EQUIPM_ DESCRIPTION

QTY REMARKS

I-Y Recorder

Sweep Oscillator

Signal Generator

VSWR Meter

RFPower Meter

RF Misc. Equipment

1

1

1

1

1

TBD

X

X

X

X

X

X

• eEquipment _o be

• made available

• at launch complex

• in the event of

• transmission

• failures.

Frequency Counter

.Frequency Converter

S-Band Test Transmitter

S-Band Test Receiver

S-Band FM Receiver

Payload PCM Demodulator

SGLS/NASA PCM Demodulator

PCM Decommutator

PRN Ranging Assembly (SGLS/NASA)

Error Rate Measuring Unit

Command Signal Conditioner (SGLS/NASA)

Regulated Power Supply

Logic Power Supply

PCM Simulator

Oscilloscope

Calibration Test Panel

Manual Control Panel

RF Switch Panel

Source Selector Panel

RFAttenuator Panel

Quick LoopPanel

Voice Communication Panel

RMS Voltmeter

Circuit Breaker Panel

Patch Panel

Analog Strip Chart

Bilevel Strip Chart

FMOscillograph

Digital to Analog Converters

Gaivanometer Drive Amplifiers

i

1

2

2

i

i

I

2

2

I

2

2

2

i

i

I

i

i

i

i

2

3

i

2

1

3

3

2

80

6

X X Similar to DSV-

hB-123 and DSV-

_B-125

Similar to DSV-

_B-2_O, DSV-hB-

_38, .........DS¥--qD--_.'y



GSE DEoC.'II_I ..Ic}[rK_

NA!4E: COMI'ONEIIT PROTECTIV-E COVEI_S FO.UIVAIq:T IIO. 120

FUNCTIONAl° .qE2UI REt_:I,"F(S) :

Provide prelaunch protection for vulnerable components. Removed prior

EQUI_,4ENT DESCRIPTI0_I:

Protective covers for bellows, titanium bottles, and other comoonen%s subject

to ground handling damage, including G&C lens covers.

CO.'_T Fl-_ UNIT: $. 2,000 (]:OI;-PEC;:RR IN G )

$ 700 _, , ff:R..,CUI,._1!IC / _ E._'S )

EQUI PI,:EI:T CATEGORY:

N]_.! X MODIFIED AS IS

IST YEAR REQ'D I-IUMB!_ AVAI IABLE

EQUII'VE'_T UTILIZATION:

FUNCTI OI:AL
LOCATION

FLOW BLOCK
REOUIRED

NUI4BER

l.l.h KSC

_"WTR_.i.20

Factory

NI_._P,FR

RE0.UIRLD

8

1

TOTAL R]_QUI I]LD
13 il,ZS, v

TOTAL CO.... _ ,.



CONFIGURATION OPTION

GSE DESCRIPTION SHEET

NAME: COMSEC EQUIPMENT _DUIR4_,_T NO. 121

FUNCTIONAL RECUIR_4Eh"r(S):

To decrypt telemetry from DoD spacecraft and Tu_ vehicle to the telemetry

8zound station. Also utilized to encrypt telemetry from the telemetry ground

station to the on-orblt element.

EQUIPMENT DESCRIPTION:

GFE rack of EN/DECRYPT ENCRYPT EOUIP

CO_T $ 0

$ o

(DESIGN AND DEVELOP_NT)

(RECURRING/UNIT)

MODIFIED

_ NUMBER AVAILABLE

LOCATION

R_UIRED

EQU!.*_,'E-'.'TCATEGORY:

NEW

IST YEAR REQ' D

EQUIPME_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

KSC

WTR

AS IS X (GFE)

NUMBER

REQUIRED

2

2

V

TOTAL REQUIRED 4 TOTAL COST $ _.. 0.oo
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L;USFZUU*_A'rlu. OPTI 0)i All

GSE DESCRIPTION SHEET

N_ME: COVER - SPACE CRAFT DDUIF.4_IT NO. 122

FUNCTIONAl, REQUIR_NT(S) :

To provide envlror, mental and physical protection to a SC while it is Joined

to the Tug on the transporter.

EQUIPMENT DESCRIPTION:

A rubber Impregnated fabric cover for the SC designed to integrate with the Tug

cover as a replacement for its forward section.

CO_T $

EQUIP_'ENT CATEGORY:

NEW _.

IST YEAR RE_'D

3OO0

$ 500

(DESIGN AND DEVELOPMENT)

(KECUSLRING/UN IT )

MODIFIED AS IS

NUMBER AVAILABLE 0

_UIP_ _ILIZATION:

_NCTION_

FLOW BLOCK

N_BER

i.I._

i.i.2.1

1.1.2.6

2.3.6

2,_.8

L_ATION

KSC

WTR

i0

3

TOTAL REQUIRED 13 TOTAL COST $ _500



CONF]GtJ_A'rlUN OPTION A.I_

GSE DESCRIPTION SHEET

NAME: Cover - Tug E_UI_4k_:T }70. 123

FUNCTIONAL RE_JIR_E.hT(S):

.To provide environmental and physical protection to the Tug durin _ transport

_r@tection to the Tug during transport and storage in the horizontal position.

, , ,|

_UIPMENT DESCRIPTION:

A rubber impregnated nylon fabric cover fabricated to V shape in three

segments which are assembled on the Tug by laced and zippered closures.

conT $ 350o

EQUI_:ENT CATEGORY:

NEW X

$ 800

MODIFIED

(DESIGN AND DEVELOPM_{T)

(RECURRING/UNIT)

AS IS

IST YEAR REQ' D

EQUIPME_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

1.1.2.1

1.i.22

' l.l.2h

NUMBER AVAILABLE

LOCATION

REQUIRED

KSC

WTR

0

NUMBER

REQUIRED

i0

TOTAL REQUIRED 15 TOTAL COST $ .13,900
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CONWIGL_ATIOR OPTION All

GSE DESCRIPTION SHEET

NAME: CRADLES EOUIH4F_:T NO. 124

FUNCTIONAL RECUIRH_h"r (S) :

To provide a means to support and restrain the Tug on its transporter.

m

EQUIPMENT DESCRIPTION:

An intermediate steel structure to fit between and attach to the Tug and

transporter.

COST $ i00,000

$ 65,000

EQUIPMENT CATEGORY :

NEW X

IST YEAR REQ' D

EQUIPME_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

1.1.20

MODIFIED

(DESIGNAND DEVELOPMENT)

(RECUm n G/U IT)

AS IS

NUMBER AVAILABLE 0

LOCATION

REOUIRED

KSC

WTR

Factory

NL%_BER

REQUIRED

/ 1

TOTAL REQUIRED 13 TOTAL COST $ 9h5,000



4rILT[R

SUPPLY YALV[

CRYOGENIC PROPELLANT LOADING COMPLEX

f

, £--:,



CONFIGURATION OPTION

GSE DESCRIPTION SHEET

_ME: CRYO. PROPELLANT LOADING COMPLEX
125

EO+UI}_4D,'T NO.

FUNCTIONAL RECUIRF_NT(S) :

Provide for transfer and control of LO 2 and LH 2 from facility to vehicle

umbilical.

EQUIPMENT DESCRIPTION:

LH 2 and LO 2 loading complex utilizing hardware from Sacramento Test Center

and KSC where possible. (Control valves, umbilicals, etc. ) (Utilize Shuttle

topping system. ) Same as DSV-4B-331 and -332.

CO_T $ _Q,OOO

$ 2o,ooo .

EQUIPMF.NT CATEGORY:

NEW

IST YEAR REQ' D

EQUIPME_+T UTILIZATION:

FUNCTIONAL

FIOW BLOCK

NUMBER

_.h.3

(DESIGN AND DEV][LOPM_)

(_CUmU_G/U_IT)

MODIFIED X AS IS X GFE facilities at ETR

NUMBER AVAIIABLE

LOCATION NUHBER

RI_.UIRED REQUIRED

ESC

WTR

2

i

TOTAL REQUIRE_
3 TOTAL COST $ lO0,nO0



CONWIGURATIOR OPTION

GSE DE_,Ci_I.:_fIO._SHEET

HAM:E: CRYO. TA':K TRUCKS EDUIPMF_IT NO. 126

FUNCTIONAl, RE_UIR_2_h?(S) :

Removal of residual cryogenic propellants during post launch safing.

EQUIPMENT DESCRIPTION:

Cryogenic tanker trucks. GFE at facility.

co,'rr $

NEW

IST YEAR REQ' D

EQUIPME!_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

3.1.1

(DESIGNAND DEVELOPMENT)

(m_c,maiNo/umIT)

MODIFIED

NUMBER AVAILABLE

AS IS X

LOCATION

REQUIRED

-1

V

TOTAL REQUIRED 2 TOTAL COST $ -0-



DATA MANAGEMENT TEST SET



CONFIGUMA_ lO_ 0PTIO::

GSE DESCI_I}'TION SHF.}F

NA,.._: DATA MANAGF2[ENT SYSTEm4 T/S (DMST/S) EO.UIF_.I_q:T NO. 127

FUNCTIONAl, ._ECUIRE!_I_ (S) :

Controls operation of DMS computer and monitors computer status, initials program

loading and verification, ,performs functions/ verification of DMS command and

control functions, interface with other T/S for dedicated displays, verify

selected subsystem parameters as program.

k_UIE4ENT DESCRIPTION :

Portable console interfacin_ with computer for program verification and DMS memory

dump C/O, paper tape memory loader, tape reader, DMS computer control and status

panel, dedicated display panel for D_LS function and programmable display for other

subsystem functions (GNC, Comm, Power, and Prop. ) - CRT

COST l'I_ UNIT: $ 1,033,000 (NON-REuqJRRI;;G)

$ h12,000 (RECUP,RI_Ic/Yz_._)

EQUIPMEi;T CATEGORY:

NL_4 X MODIFIED AS IS

IST YEAR REQ'D _[_ 'k_ AVAILABLE

EQUIPMEhT UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

LOCATION

REOUI R ED

i. I. 5, i.i. 7 ALL TPF/KSC

1.1.8 ALL, 1.1.9 ALL McF/Ksc

1

1

2

1

1

1

2.3.9, 2._.3 Launch Pad/F_$C

PPF/WTR

MCF/_R

Factor_,

TOTAL REQUIRED ? TOTAL COST $ .3i917,000 _



GSE DESCE _ '_ '

NA!,'E: TELEMETRY GROUND STATION EO.UIFM_:T NO. 128

FUNCTIONAL RE3UIRET_h_f(S) :

Receives and demodulates PCM data from Tug down link either ooen or closed loop.

Provides for output to computer storage or conversion of data to external display.

unit s.

EQUIPMENT DESCRIPTION :

See attachment.

COST PER Ui.:IT: $ -0-

--0--

EQUIPMEI:T CATEGORY :

IST YEAR REQ'D

EQUIPMEI_ UTILIZATION :

FUNCTIOtlAL

FLOW BLOCK

NUMHER

2.3.9 .. ,

-2.h.3

MODIFIED AS IS

l_q._ Bh_ AVAIIABLE

X

LOCATION

REQUIRED

KSC (remote from

launch ,pad )____

WTR (remote from

launch p ad3____

NI_4BI.:R

REQUIRED

, 1

i

TOTAL REQUIRED TOTAL COST $ -0-



The Western Test Range has a 30 foot Unified S-Band (USB) remote tracking site

which is part of the spaceflight Trackin_ and Data Network (STDN). The "unified"

concept of the USB system provides multiple functions -- command, telemetry,

tracking and two-way voice communications -- to be accomplished simultaneously

between 2090 and 2120 _{z and a downlink frequency between 2200 and 2300 MHz.

The Eastern Test Range has a dual AFSCF remote tracking station (RTS) located at

Vandenberg California capable of operating with two satellites simultaneously.

The R_S contains S-band equipment designated as a Space Ground Link Subsystem

(SGLS) installation. The SGLS equipment is standardized and interfaces with

two antennas, one is a 60 foot antenna while the other is a h6 foot dish.

The SGLS contains receiving and transmitting equipment necessary for data

reception and commanding of space vehicles.



DIGITALEVENTSRECORDER(DER)



CONFIGI,_ATI0_OPTION

NAME: DIGITAL EVENTS RECORDER EQ.UIE.If_:T NO.
129

FUNCTIONAl, RE_.UIR_,zE,-I.T(S):

Collects discrete status (on/off) data and ccmpares data a_ainst previously

recorded infcrmation. Prints or tap9 punches output results for permanent record.

EQUIE4ENT DESCRIPTION:

Similar to DsV-hB-289

COST PER UI;IT: $

$

200,000

182,000

(I,O:,-PEut:RRI'.U

EQUIPMENT CATEGORY :

IST YEAR REQ'D

EQUIPMEtiT UTILIZATION :

FUNCTIO._;AL

FLOW BLOCK

N_4BER

2.h.3 .

MODIFIED

NUMB_'-_ AVAI IABLE

AS IS

LOCATION NI]L_BER

RF,0UIRED REQUIRED

KSC (TPF) 1 GFE

WTR (PPF) "1

Factory 1 GFE

TOTAL HE,qU: i_LD
,-n,,r_Trn_.,_,_ 382,000



EngineActuatorAdjustmentKit

121



COm_IGURATIO.__PrfO:_'--

GSE DESCI'IPTION SHEE_

NAME: ENGINE ACTUATOR FIXTURE

FUNCTIONAL REQUIR_4E]_ (S) :

Checkout electrical/mechanical actuators on Tug.

k'DUIE4_:T NO. 130

EQUIPMENT DESCRIPTION :

$ i0,000

$ h, 000

EQUIPMENT CATEGORY :

N_n-;

IST YEAR REQ' D

EQUIPMENT UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

A.i.9.2

MODIFIED AS IS

_n2,_ER AVAIIABLE

LOCATION

REQUIRED

TPF/KSC

PPF/WTR

,,'Factory

1

I

i

TOTAL REQU!R_D 3 TOTAL COST $ 22,000
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Engine Alignment Kit



CONFIGI_ATION OPTION

GSE D_SC}{I_}_IC.,_'SHEkel

N_E: ENGINE ALIGNMENT kqT EOUI}W.|:q:T NO. 131

FUNCTIONAl, RECUIR_'_hq'(S) :

Establishes centerline of engine with respect to stage centerline.

_UIPMENT DESCRIPTION:

S_milmr to DSV-hB-32h

COST

EQUIPMENT CATEGORY :

N_4 X

IST YEAR REQ'D

EQUIP;.rEI_ UTILIZATION:

I_JNCTIONAL

FLOW BLOCK

Ni_4BER

t

1.l.9.2 '

MODIFIED

(DESIGN AND DEVELOPMENT)

15% AS is 85%

NU_ ,_R AVAILABLE

LOCATION NI_4BER

REQUIRED REQUIRED

TPF/KSC l

FPVl_nm 1

T(YfAL COST $ 55.0D0



o_

o_

W



CONFIGURATION OPTION

GSE DESCHIT'TION S}{F,_

I(_4E: ENGINE KANDLI/(G KIT EO.UIE.IE_:T NO. 132

FUNCTIONAL RECUIR_NT(S) :

_nv_p. h._.m_ _pn3,4_@_ fn? )'1_,qLncll]n__._4n_ c]11r]_ _em_vn] f_om snd instal-.

lmt4on onto sta_e.

EQUIPMENT DESCRIPTION:

HandlinK _u_. Krame, and shiDDin_ container. (GFE furnished with engine.)

cost S -0-

. mO_
(RECURRING/UNIT)

MODIFIED

NUMBER AVAILABLE

LOCATION

REQUIRED

EQUIR,:ENT CATEGORY :

NEW

IST YEAR REQ' D

EQUI}%IEI_T UTILIZATION:

FUNCTI OI_AL

FLOW BLOCK

ND74BER

AS IS

TPF/ C

PPF/W'I_

X GFE with engine

1

.i

1Factor_

TOTAL COST $ "-0-



Calibration Fixture, EnginePosition

a95



CONFIGURATION OPTION

GSE DESCRIPTION SHEET

NAME: ENGINE POSITION CALIBRATION FIXTURE E_.UIE4_JT NO. 133

FUNCTIONAL REQUIRE[_NT (S) :

Measures engine geometric vector with respect to theorectical stage centerline

for various positions of the engine.

_UIFMENT DESCRIPTION:

Similar to DSV-hB-629 and DSV-hB-699

C0ST $ . h,.O00

$, 2,000

EQUIPMENT CATEGORY:

NEW X

IST YEAR REQ'D

EQUI}_4Et_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

N_4BER

MODIFIED

(DESIGN AND DEVELOPMEZ_)

(_CU'_I_G/UNZT)

AS IS

NU_mER AVAILABLE

LOCATION NU%_BER

RE_.UIRED REQUIRED

Tn'/_C Z

PTF/WTR .1

Factory 1

V
rT_eY_^ 7 13 _T T'T P, T"n TOTAL COST $ 8,000



CONFIGURATIOB OPTION

GSE DESCRIPTION SHEET

NAME: EQUIPMENT VAN EO.UIPM_|T NO..i _.
, m , , i _L, -

FUNCTIONAL REOUIRF3_NT(S) :

TO provide for miscellaneous transport

EQUIPMENT DESCRIPTION:

1-1/2 ton two axle van (Bob Tail) truck. GFE avaflable,_t.faqillty.

CO_T $

EQUIPMENT CATEGORY :

NEW

IST YEAR REQ' D

EQUIPME_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

/

'I .I .22

/ 1.1.25

(DESIGN AND DEVELOPMENT)

(RECmmmG/U_n)

MODIFIED AS IS X

_ NUMBER AVAILABLE

GFE

IX)CATION

REQUIRED

N_{BER

REQUIRED

.

TOTAL REQUIRED 5 TOTAL COST $ -0-



GSE DESCRIPTION SHEET

CONFIGURATION OPTION

NAME: FM TP_NSMITTER COMPONENT TEST SET E0.UIR4E_IT NO. Z_5

FUNCTIONAL .qECUIR_NT(S) :

Provides adjustment, calibration_ and functional analyses for FM transmitters

and RF power amplifier in sta_e.

EQUIPMENT DESCRIPTION:

Similar to DSV-hB-252

CO_T

f._U J, L A'* A_A, .L v, _. .....

IST YEAR REQ'D

...... _ 30,000 (DESIGN AND DEVEI_PMENT)

Ioo,ooo ( t_.cu_RI_ _/tm _ )

MODIFIED AS IS

_JMB_R AVAILABLE

1oo%

EQUIPME_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NU_ER

LOCATION NUMBER

REQUIRED REQUIRED

Factory i

v

,J

TOTAL REQUIRKD TOTAL COST $ 130,000



_4 TRA/{SMITTER CO_?O_IT TEST SET



CO_FIOURATIOn oPTION'

OSE DESCRIPTION SHEET

NAME: FREQUENCY CALIBRATION UNIT RACK ASS_4BLY .. EDUIR4ENT NO. 135

FUNCTIONAL REtUI R_T (_) :

Measures frequency of TM signals received by ground stations. Contains
- . L

frequency standard device to measure and display TM signals. Calibrates

TM signals.

_UI_4ENTDESCRIPTION:

S_milar to DsV.hB-128

,, ," . _ ..... _ ,

CO_T $ I0,000

$ .... 8_,ooo

(BESXONA_D DEVELOPM_T)

(RECURRING/UNIT)

NEW

IST YEAR REQ'D

FUNCTIONAL

FLOW BLOCK
NUMBER

MODIFIED

_ NUMD_ AVAILABLE

LOCATION

R_UIRED

AS IS

NUMBER

REQUIRED

,m

Factory

. - ............

TOTAL REQUIRED
1



FREQUENCY CALIBRATION UNIT
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FUEL CELL CHECKOUT KIT
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CONFIGURATION OPTION

GSE DESCRI}_TIO_; Z}{E)_

NAME: FUEL CELL C_CKOUT KIT EOUI [_4_+_T NO. 137

FUNCTIONAl .......UIRF" _Z_ (o) :

Supply reactant gases to fuel cell battery (FCB), provide test loads for FCB,

provide signals to control FCB operation, measure response, remove heat from

FCB, via coolant passages and make diagnostic measurements of FCB.

EQUIE4ENT DE_CRIFTi0N:

Composed of work platform; fluid connections for gaseous oxygen and hydrogen, pressure

regulators, electronic equipment racks, test cables and connectors. Electronic rack

consists of power supply, load bank, and control panel assemb!ywith switches,

meters, llne printer, sequencer, digital voltmeter, and associated circuitry.

COST PER UNIT: $ 180.000 . (NON-RECURRI_:G)

$ 75._000 _ (RECURRINC/_:dR)

EQUIPMENT CATEGORY :

NEW X

IST YEAR REQ' D

EQUIPMEI_' UTILIZATION:

FUNCTIONAL

FLOW BLOCK

N_4BER

2;4.3Ca)

MODIFIED AS IS

NU_I'_u_ AVAI IABLE

LOCATION

REQUIRED

• KSC (Safin5 Area)

WTR (safir Area)

Factory

NIH_[BER

REQUIRED

1

1

TOTAL REQUIRED 3 TOTAL COST $ 905,000



GSE DESCRIPTIO:_ SHEET

UURF AU Ul",A'.r'_

NAME: GAS SAMPLING EQUIPMENT EqUIR4F_IT NO. 139

FUNCTIONM, .nEtUIRE_NT(S) :

Verify acceptable moisture content of propellant systems prior to loading.

Verify safe levels of hazardous gas concentrations.
LU , ,

EQUIPMENT DESCRIPTION:

_isture monitor, hazardous gas detectors and analyzers.
i, 1

w

CO_T $ 0

$ 15o

(DESIGN ARD DEVELOPS)

(KEC URRL'_G/UNIT )

E_UII_I,ENT CATEGORY:

NEW MODIFIED AS IS X

1ST YEAR REQ'D I_3_ER AVAILABLE

EQUIPME_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

LOCATION

REQUIRED

NUMBER

R_X_UIRED

3.1.i Saflng Area/KSC 1

Storable Prop/KSO t

PortablelK_C '

Safing Area/WTR I/

Storable Prop/_R

PortablelWTR

1

1

TOTAL REQUIRED
6

|, .

TOTALCOST $ 900





CORFIGURATIOR OPTION Ali

GSE DESCRIPTION SHEET

FJtME: • |L_;DLING EQUIPMEN T EOUIR4_:T NO. i_O

FUNCTIONAl, NECUIRK_NT(S ):

Provide means to hoist and/or rotate Tug from either a horizontal or vertical

attitude with either one or two cranes as required.

EQUIPMENT DESCRIPTION:

Two wire sling and spreader bar assemblies with appropriate shackle fittings.

One assembly to be adjustable in length.

v

CO_,,T $ 25,000 .... (DESIGN AND DEVELOPMENT )

$_ " 5,000. (RECURRING/UNIT)

EQUIPMENT CATEGORY :

NEW X

IST YEAR REQ'D

EQUIPMEhT UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

2.1.3

..' 2.2.1.2

2.2.3

TOTAL REQUIRED

MODIFIED AS IS

_ NUMBER AVAILABLE 0

LOCATION NUMBER

R_UIRED R_UIRED

Pad/KSC 2

MCF/KSC i

TPF/KSC i

Pad/WTR 2

MCF/WTR 1

PPF/WTR 1

8 TOTAL COST $ 65,000
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L,_URrI_U*_'AUB OFTION

GSE DESCRIPTION SHEET

NJt_E:GUIDANCE AND NAVIGATION TEST SET
, ,m , , ,i ,,

_DUIPMEBT NO. 142

FUNCTIONAL RECUIRE_E.h"F (S) :

Monitors and verifies checkout of I5_ and GC. It provides calibration,

alignment and simulation of navigation progr_s. Capable of simulations of all

flight progr_s.
,i | J , .....

EQUIPMENT DESCRIPTION:

Rate table and associated electronic bays which include display panel, control

panel, oscilloscope, universal counter, Digital voltmeter, in_erface (DIU) assy,

power supplies, digital printer paper tape punch, test point control panel,

downlink display panel, etc.

CO_T

EQUIP,lENT CATEGORY:

NEW X

IST YEAR RE'_' D

EQUIP;_E)_ UTILIZATION:

 NCTION 
FLOW BLOCK

NUMBER

1.1.13

150_000

89_000

(DESIGNAND DEVELOPMENT)

(m cumRn G/m r )

MODIFIED

NUMBER AVAILABLE

IS

LOCATION

REQUIRED

Nb%IBER

REQUIRED

KSC

WTR

Factory

1
,i ,

1

W

m

TOTAL COST $

E-7 3



CONFIGURATIOB OPTION

GSE DESCRIPTION SHEET

NAME:GUIDANCE AND NAVIGATION SYSTEM CHECKOUT KIT EOUIR4E}IT NO. 143

FUNCTIONA[, REO UI R_h"F (Z) :

Interfaces between Tug I_ and GC and the laboratory test equipment. Also

prowldes mounting of IMU to rate table.

i

EQUII_4ENT DESCRIPTION:

Consists of IMU holding fixture and cables.

COnT $ 10,000. (DESIGN AND DEVELOPM_T)

s.ooo _ (RECUm_Z_Q/L'_rT)

EQUIPMFNT CATEGORY:

NEW T MODIFIED AS IS

].ST YEAR REQ'D NUMBER AVAILABLE

EQUIPME_ UTILIZATION:

FUNCTIONAL
LOCATION Nb%_BER

FLOW BLOCK REQUIRED REQUIRED
NUMBER

i..1.13 ESC

WTR

Factory

i

1

i

/
' 1

TOTAL REQUIRED 3 TOTAL COST $ 25.000



@

LASER RADAR CHECKOUT AND A/IALYSIS }lIT
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E-Z5



CONFIGURATION OPTIOn':

GSE DESCRIPTION SHEET

N_ME: LASER RADAR CHECKOUT & ANALYSIS _ EOUIE4D]T NO. i_#.

FUNCTIONAL RECUIR_4E.hT(S ):

Test coolant system, check alignment, check range and RCVR, check modulation,

measure power and energy, and measure servo response

EQUIPMENT DESCR IPTI ON:

3 bay console, beam splitter, dichroic lens, optical source target, and test

analysis test set. This kit consists of radimeter, interferometer, modulation

test box, transfer meter, power meter oscilloscope, and etc.

COST $ 120,000 (DESIGN AND DEVELOPMENT)

$__, 70.000 (RECURRING/Lq;IT)

EQUIPMENT CATEGORY:

NEW X MODIFIED AS IS

IST YEAR REQ'D NUMBER AVAILABLE

EQUIPMEq_ UTILIZATION:

FUNCTIONAL
LOCATION NUMBER

FLOW BLOCK

NUMBER REQUIRED REQUIRED

/1.1.9.9 KSC I

WTR i•

Factory i

TOTAL REQUIRED TOTAL COST $ .330, .0..00



LAUNCH COUNTDOWN CON,qOLE



CONFIGURATIONOPTION

GSE DESCRI}_flOII SHEET

NAME: LA'_{CH COTl,_r .DO'w_ CONSOLE _OUIR4F_IT NO. 145

FUNCTIONAL RE?UIRE)_h_f(F_) :

Controls and monitors launch checkout and count down of Tug vehicle.

EQUIPMENT DESCRIPTION:

Console with intercom and count down clock, status indicators, alpha

nume_T_cal display and associated circuitry.

COST $ 30,000

$ 20,000

EQUIPMENT CATEGORY :

NEW X __

IST YEAR REQ'D

EQUIP:,_I_f UTILIZATION :

FUNCTIONAL

FLOW BLOCK

NU_fBER

2.4.3

2.h .h

MODIFIED

(DESIGN AND DEVELOPMENT )

(RECURRING/U_ rT )

AS IS X GFE at ETR

NUMBER AVAILABLE

LOCATION NU%_BER

REQUIRED REQUIRED

KSC 2

WTR 1 :

TOTAL RE._ _r,r_D TOTAL COST $ 50,000



LH2 - bY_ATEXC_L%/_GER

g



CONFIGURATION OPTION

GSE DESCRIPTION SHEET

HJtME: LH2-He HEAT EXCHANGER EOUIR4F_'T NO. 147

FUNCTIONAL RECUIR_7_F,"T(S ):

Provide prechi!ling of helium used for APS tank pressurizazion or main

_ropellant tank pressurization

EQUI_4ENT DESCRIPTION:

LHs-He heat exchanger utilizing hardware from Sacramento Test Center and

KSC where possible.

COST. $. 0

$ 20,000

(DESIGN AND DEVELOPMENT)

(RECURRING/UNIT)

EQUII_IE)'T CATEGORY:

NEW MODIFIED X AS IS

IST YEAR REQ'D NUMBER AVAILABLE

EQUI PME_f UTILIZATION:

_NCTIO_

FLOW BLOCK

NU_fBER

LOCATION

REQUIRED

Nt_BER

REQUIRED

1.1.8.2

!

1.1.9.7

_C

_R

2
i .i i

1

TOTAL "__,_,v','_'_'r_ 3

L ,,, • i

TOTAL COST $ 6o,oo0



SIGNALCOI_DITIO_iI_G UNIT
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CONFIGURATION OPTION

"c,,' r'_ _[GSE DE_£. ?TIO. SHEET

J_tME: SIGNAL C0hDITIONING UNIT EOUI_4_IT NO. 148

FUNCTIONAL RE. U.R: _,"I (,,):

Interfaces between T_ vehicle and GSE for signal and power conditioning, and

distribution

EQUIPMENT DESCRIPTION:

Consists of a 3 bay console which contains Junction box, (i) 1032 point patch uanel
|

assembly, (i0)isolation amplifiers, (i)4 row relay-plane, (i0)buffer amplifiers,

(i) logic power supply, and (20) connectors and associated wiring. (Similar to

DSV-MB-133).

COST $ 3oo,ooo

$ 120_000

EQUIPMENT CATEGORY :

NEW x

IST YEAR REQ'D

EqUIPME_ UTILIZATION :

FUNCTIONAL

FLOW BLOCK

NU_4BER

1.1.5

1.1.7 ALL

/ 1.1.8 ALL

2.3.9

2.4.3

(DEEIGN AND DEVELOPMI_;T)

(RECURRING/UNIT)

TOTAL REQUIRED

MODIFIED AS IS

NUMBER AVAILABLE

LOCATION

REQUIRED

TPF/KSC

MCF/KSC

PPF/WTE

MCF/WTR

Launch Pad/KSC

Factory

7 TOTAL COST $

ND%[BER

REQUIRED

I

.I

I

i

2

t

1

i ,lhO. 000

o1



o_,_?, BT-_"_'_°_

J



CONFIGURATION OPTION

GSE DESCRIPTION SHEET

NAME: ORBITER SIMULATOR _0UIR4F_:T NO. 149

FUNCTIONAL .qECUIR_3_N_ (E) :

Functionally simulates orbiter/Tug interfaces for verification of electrical

parameters

EQUIPMENT DESCRIPTION:

Portable test set containing encoder, decoder and load test circuits.

Contains switches and indicator lights

COST $ h00,000

$ i00,000

EQUIPMENT CATEGORY :

NEW

IST YEAR REQ'D

EQUIPME_ UTILIZATION :

FUNCTIONAL

FLOW BLOCK

NUMBER

1.1.7.9

1.1.8.9

1.i.9.9

MODIFIED

(DESIGN AND DEVELOPMENT)

RECURR_ _/u. 14)

AS IS

NUMBER AVAILABLE

LOCATION

REQUIRED

NUMBER

REQUIRED

TPF/KSC 1

PPF/WTR 1.

Factory _ _ 1

TOTAL PEQUIRED TOTAL COST $ 700,01_0



W



CONFIGt_ATION OPTION

NAME: PAYLOAD AD,ZPTER F_ZIDLI/[G KIT I-,_UIE.I_qITNO. 150

• ---'_T --_,%" ?._9FUNCTIONAl, R_. U± ....._,., (S) :

Provides protec%ion and means of ,handling payload interface unit.

EQUIPMENT DESC,,qIPTI el;:

Similar to DsV-hB-352

COST

EQUIPMENT CATEGORY :

$ i0,000

$ .5,000

(DESIGN AND DEVELOPM_f)

NEW X MODIFIED AS IS

IST YEAR REQ'D

EQUIP;.[ENT UTILIZATION:

___ AVAILABLE

FU hCT. 01,A
LOCATION NI_4BER

F LO',.;BLOCK
Nb%_BER REQUIRED RID,UIRED

2.2.3 TPF/KSC .1

PPF/KSC .I

PPF/WTR 1

TOTAL REqUI}',._]D 3 T_rAL COST $ 2.5,000



CONFIGURATIOR OPTION

GSE DESCRIPTION SHEET

NAME: PCM/FM TELE_[ETRY COMPONenT TEST SET EQUI}_4ENT NO. 151

FUNCTIONAL RECUIR}_T,_(S) :

Adjusts, evaluates, and calibrates all components of PCM/FM telemetry system.

Capable of testing PCM/FM telemetry system as a whole.

_I_4ENT DESCRIPTION:

Similar to DSV-_B-II5

COST

EQUIPMENT CATEGORY:

NEW

$

$

MODIFIED

(DESIGN AND DEVELOPMF2_T )

(RECURRING/UNIT_

AS IS X

IST YEAR REQ'D

EQUIPMEt_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

NUMBER AVAIIABLE

LOCATION

R_UIRED

NUMBER

REQUIRED

Factory 1

V

TOTAL REQUIRED
1 TOTAL COST $ 1,0h7,000
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CONFIGURATION OPTION

GSE DESCRIPTION SHEET

NAME: PERSONNEL PROTECTION EQUIP_._ EQUIP.4F_:TNO. 152

FUNCTIONA I, RECUI RE_NT (S) :

Provide environmental protection for storable APS loading crew.

i

EQUIPMENT DESCRIPTION:

Protective clothing, breathing devices, and fire equipment. SCAPE suits,
L

if required.

$ 0

$ _ooo

EQUIP}4F2:T CATEGORY :

NEW

IST YEAR REQ'D

E_UIPME_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

2.1.7

(DESIGN AND DEVELOPMENT)

(RECURRING/UNIT)

MODIFIED

NUMBER AV._IIABLE

As Is x

LOCATION

R_UIRED

KSC

WTR

NUMBER

REQUIRED

h

, I

TOTAL REQLqRED 8 TOTAL COST $ 32,000



CONFIGURATIOR OPTION

GSE DE_C,__ PTIO,[ SHEET

NAME: _._.,_T_ CC';SOLE ACPS PORTABLE TEST SEt EOUIR4_IT NO 153

FUNCTIONAL REtUIR_(S):

Manually checks electrleal continuity of solenoid valves talkback and actuation

_f solenoid valves, pressure switches, and transducers.

EQUIPMENT D_CRIPTION:

Simllar to DSV-hB-286 and 286A

cost $ 76,o0o

$ 28,000

(DESIGNAND DEVELOPMENT)

(RECUPan_G/U_IT)

MODIFIED

NUMBER AVAILABLE

LOCATION

REQUIRED

KSC STORABLE

WTR STORABLE

EQUIPMENT CATEGORY:

NEW y

IST YEAR REQ'D

EQUIP;_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

N_ER

2.1.7

AS IS

1

.1

1FACTORY

TOTAL REQUIP, ED TOTAL COST $ 160,000
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OSE Dr_o_RIP.±O., SHE}_

CONF!GIF_ATIO_I OPT!O_';

NAME: PO_R SYSTEM T/S (PSTS) EOUIF,./F7_T rlO. 155

_'UNCTIONAI, REQU!REI_I',_ (S) :

Provide means to load fuel cells and vehicle power distribution system. Provide

ground power sources for vehicle and GSE. Provide emergency power in event

facility power malfunction.

t

J

EQUIE4ENT DESCRIPTIO_I:

"Two bay rack of electrical equipment containing two independent programmable power

supplies for vehicle power, one programmable power supply for GSE power, and

programmable loads for vehicle power system C/O, a backup battery unit is provided

for emergency power.

COST PER UI:IT: $ 13h,O00 (]"ON-RE C1_RRIf:C )

$ h8,000 • • )]',T '"( RECUL._.d',I./_ _'.,,_q )

• D 'V'"EQUI. h_,T CAIEGORY:

N_.[ X MODIFIED AS IS

IST YEAR REQ'D NU! ,'B_,_ AVAIIABLE

EQUIPME_ UTILIZATIOn[ :

FUNCTIOI:AL

FLOIq BLOCK

N_4BER

LOCATION

REQUIRED

1.1.5, I.i.7 ALL TPF/KSC

/ 1.1.8 ALL 1.1.9 ALL MCF/KSC

_ 2.3.9, 2.4.2 PPF/WTR

2.4.3 MCF/WTR

Launch Pad/ETR

Factory

TOTAL REQUIRED 7 TOTAL COST $

NI_4BER

RD0.UIRED

i

i

i

I

2

1

h70,000



/

PRII_ED CIRCUIT CARD COMPON_ TEST SET

Ib-



GSE DESCRIPTION SHEET

NAME: PRI/fffED CIRCUIT CARD CO_,_ON_"f TEST SET EO.UIP,4F_IT NO. 157

FUNCTIONAL REQUIREI.,_,_T(_ ):

Tests printed circuit cards and isolates difficulties to component level.

Provides vo!tag, e_s, input stimuli, and loads. Monitors outputs of cards

,b,eing tested. .....

EQUIPMENT DESCRIPTION:

Similar to DsV-hB-10h
i

COST

EQUIPMENT CATEGORY:

NEW

IST YEAR REQ'D

$

EQUIPME_ UTILIZATION:

_NcTIo_
FLOW BLOCK

Nb%_BER

39,200

53,000

MODIFIED 20%

(DESIGN AND DEVELOPMENT)

(_cu_an_olu_)

NUMBER AVAIIABLE

LOCATION

REQUIRED

_s . 80%

NUMBER

REQUIRED

Factory 1

TOTAL REQUIRED 1
TOTAL COST $_..__@@2__000

_4L_



-I]

PROPELLA/_T UTILIZATION COM/_O_;ENT TEST SiT



CONFIGURATION OPTI0}:

GSE DESCRiPTIO_ SHEET

NJtME: PROPELL;C;T UTILIZATI01_ CO_0_?/;T T.TST SET E_UI_.4FPT NO. 159

FUNCTIONAL RECUIP, E:_(.,) :

Tests and calibrates P.U. electron/cs assembly adjustments.

EQUIPMENT DESCR IPTI ON:

Similar to DSV-hB-I!2

COST

EQUIPMEI:T CATEGORY :

NEW X "._R

$

%

127,6 00

_6.ooo .

MODIFIED 20%

IST YEAR REQ'D

EQUIPME_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

(DEEIGN AND DEVELOPMENT)

(RECURRING/UNIT)

NUMBER AVAILABLE

LOCATION

REQUIRED

TPF/KSC

PPF/WTR

Factory

AS is 8o$ ETR

NL_BER

REQUIRED

1

.i

1

TOTAL RE;_UIR_D TOTAL COST $

|

_295-600 _



GSE DESCRIPTION SHEET

CONFIGURATiOR 0PTYON

NAME: PROPULSION CO_3NENT REPAIR KIT _ EQUIR4EflT NO. 160

FUNCTIONAL RECUIR_._NT(S ):

Provides equipment necessary for disassembly, repair, re-assembly, and test

of propulsion components.

• J

, ,| |

EQUIPMENT DESCRIPTION:

Collection of special tools, adapters, and other equipment.

COST $ 2,000

$, 10,000

EQUIPMENT CATEGORY :

NEW x

IST YEAR RE@' D

E_JIPME_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

/ 1.1.12

(DESIGN AND DEVELOPMENT)

(RECURRING� UNIT )

MODIFIED AS IS

_ NUMBER AVAILABLE

LOCATION

RF_UI RED

NUMBER

R_%_UIRED

KSC I

WTR i.

Factory 1

V

TOTAL REQUIRED 3 TOTAL COST $ 32,000



PROPULSiO_;P_:_"_'_TICCO_SOL_
(C_C_:OU7)



--L_ OPTIO_I

GSE Dr._._i. TID.I SI!E)_

11A:._: PI[EU_.L_TIC SKID CHECKOUT EO..UI[$1F]IT110. 161

FUNCTIONAl, n-_UI_"_1_ (S) :

Provide regulated gas supplies to vehicle for pressurization of pneumatic and

propellant systems. Used for leak and functional checks, purging, pressure

draining, and application of blanket pressures.

L_UI_4ENT DESCRIPTION:

Pneumatic console such &s DSV_hBA321 modified as required for speclal Tu_

requirements.

U,,IT:COST FI'TR '" $ 50,000

$ _5o,ooo

N _!..I X WTR

IST YEAR REQ'D

EQUIP;4EbT UTILIZATION:

FUIICTIO_:AL

FLOW BLOCK

1.1.7.1 - .h

i.!.7, 6-9

(FO !'I-RECURR IllG)

(RECUPR 111C/Y E!,R )

HODIFIED

h_BL_, AVAI tABLE

LOCATION

REOUI RED

1.1.8 ALL

1.1,9 ALL

AS IS X ETR

TPF/KSC ___.l__ OFE

PPFIWT i '

Factory I GFE

MCF/KSC i GFE

MCF/WTR ,!I

W --

TOTAL RZQU!EED TOTAL COST $ ..950-nOQ

,. (/ _,



PROPULSIO:_ P:_UHATIC CO_;SOLE
(LAU_C_)

.I



CONFIGURATION OPTION

GSE DESCRIPTION SHEET

NA,IE: PNE(S.DITiC SKID LAUNCW EO.UIP_4E_..!TNO. 162

FUNCTIONAL .REQUIREMENT (S) :

Provide regulated gas supplies to vehicle for pressurization of pneumatic

and propellant systems for pad checkout and launch.

EQUIE4ENT DESCRIPTION:

Pneumatic console such as DSV-hB-_32A modified for special Tug requirements.

CO_T $ 50,000

$ _5o,ooo

EQUIPMENT CATEGORY:

NEW X WTR

IST YEAR REQ'D

EQUIPMENT UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

2.h.2

2.4.3

(DESIGN AND DEVELOPMENT)

(_CUemING/UNZT)

MODIFIED

NUMBER AVAILABLE

AS YS X GFE ETR

LOCATION

REQUIRED

•Launch Area/ESC.

Launch Area/WTR, '

NUMBER

REQUIRED

2 GFE

"'l I
,,| ,

V -- TOTAL REQUIRED
.e

,,,,Q . .
'PrY'PAL COST $ _oo.ooo



PROPELLA/IT OR PI_EUMATIC COTFfROL CO_ISOLE



GSE DESCP.IPTION SHE>_

IIA:.._:PROPELLIC[9 OR _.IEI.%_TIC CO_?ROL CONSOLE EQUIF,.iFI:T IlO. 163

FUIICTIO."IAI, .REtUIHEI_I_ (S) :

Controls am.d pneumatic regulated gas supplies for vehicle pressurization of

pneumatics and propellant systems. Used for checkout, purge, and pressure checks

and loading of pneumatics into Tug vehicle. Monitors propellant loading and un-

loading. Capable of semi-automatic or manual loading of propellants.

EQUIE4EIIT DESCRIPTION:

Three. bay console with intercom, light and indicators, switches, and alpha

numerical display, and associated circuitry. (Similar to DSV-hB-233.)

COST PER UNIT: $ 339,000

$ 33h,00o

EQUIPI:EI:T CATECOR 5":

N_,; X WTR

IST YEAR REQ'D

EQUII';,q_IiTUTILIZATION:

FUNCTIONAL

FLOW BLOCK

NL,4BER

1,z.7.l, -._

/1.1.7.6 - 9

,1.1.8 ALL

1.1.9 ALL

2.4.2

TOTAL }_EOUIEED

MODIFIED AS IS X ETR

NU._ k]_ AVAI IABLE

LOCATION I|I_IBI;R

REQUIRED RDQUIRED

TPF/KSC 1 OFE

Launch Pad/KEC . 2 GFE

PPF/WTR I

MCF/KSC . " 1 GFE

Factory 1

/' ,MCF/WTR _ q

z

____7.__ 'i'O'tAL Col'I" Sj. .i ,_ooi.oo_o

?" _ 3 ab
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COI_ IGt_ATION OP '_.I0+,_'

_ NAME: BATTERY CHECKOUT KIT EOUI E.I_;T IIO. 16h

FUNCTIONAL R,+_:UIRE_I._ (S) :

Provide equipment required to checkout primary and/or rechargeable batteries.

Battery activation, cell/battery voltage and current checks with/without load

(or during charging). Provide heater Dower measure, heater current, and battery

temperature.

I_UIPMENT DESCRIPTI0_;:

"Composed of work platform; two electronic equipment racks, test cables, and test

connectors. Electronic racks consist of power supply, battery charger, fans,

load bank digital voltmeters line printer and sequencer for automatic operation

(similar to DSV-hB-171).

COST PER UNIT: $ 50,000

EQUIPMENT CATEGORY :

N_.4

IST YEAR REQ' D

EQUIPr,rEI+_I' UTILIZATION:

FU}ICTIO_|AL

FLOV BLOCK

NL.,4BER

i.i.13

MODIFIED X

h_2,_ER AVAIIABLE

LOCATIO._;

REOUIRED

(PPF)

AS IS X GFE

REQUI[IED

_ 1

1

TOTAL REQUIRED , TOTAL COST $ 50,000
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CONFIGURATION OPTIOn,

GSE DESCRIPTION SHEET

NAME: SPACECRAFT SI24ULATOR EOUIR4ENT NO, 168

FUNCTIONAL REQUIRE_4ENT (S) :

Functionally simulates Tug/Spacecraft interface for verification of

electrical parameters.

|1 ,

_UIPMENT DESCRIPTION :

Po1_&able tester containing encoder, decoder and load test circuits.
m, , ,,

co_T $

EQUIPMENT "^mr,_n.v.%aal A A_,2_'a _ a. .

150,0o0

50,000 _

(DESIGN ARD DEVELOPME_ )

(_EmmR_GIU.I_')

NEW x MODIFIED AS IS

IST YEAR REQ'D _ NUMBER AVAILABLE

EqUIP;4"Et_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

LOCATION

REQUIRED

NUMBER

REQUIRED

_TPF/mSC 1

1.1.9.9 Factory

I

1

TOTAL REQUIRED TOTAL COST $ _300,000

F"/q_
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CONFIGURATION OPTION

OSE DESC'_IPTION SHEET

_ME: SPACE TUG SI_@JLATOR EDUIR4ENT NO. ].69

%_"T VIL_ CFUNCTIONAl, R ....;I....._(.,) :

Func%ionally simulates Tug electrical parameters for verification of GSE, payloads

and Shuttle interfaces.

_IPMENT DESCRIPTION:

3 B_7 console interfacin_ wi%h computer q9mD!exgontalpln_ logic cards, encoder,

decoder , and load _est ._est point assembly: indlc_tor panels, lo_Ic DOWer ,s_DplJ,

path panel (similar to DsV-hB-Iq2).

COST

EQUIP_'E_:T CATEGORY :

NEW x

IST YEAR REQ' D

F_UIPMEI_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

1.1.7.9

_1.1.8.9

1.1.9.9

(DESIGN AND DEVELOPM_"TE)

(_CURlUNG/UNIT)

MODIFIED 30_

NUMBER AVAILABLE

AS IS 70%'

TPF/KSC
m.,

N_I_ER

REQUIRED

1

,. 1

Factor 7

TOTAL REQUI?,LD 3 TOTAL COST $ 7oo, 0oo





CONFIGURATION OPTION

GSE DESCRIPTION SHEET

NkME: STAGE TR;uNSPORT PREPARATION GN2 PURGE UNIT EDUI._.4F_IT NO. 172

FUNCTIONAl, RECUIRF_4Eh_ (S) :

Purges propellant system to an acceptable level for ground air transport, maintains

proper nitrogen pressure at a level acceptable for stage purge and dry operation,

provides the required valve actuation to protect the stage from adverse internal

pres sure s.

EQUIPMENT DESCRIPTION :

Utill ze DS_-hB-1865 _
•± [

cost $
"4

.,-0- (DESIGN AND DEVELOR4ENT)

( mmamG/ IT)

EQUIPMENT CATEGORY :

NEW .MODIFIED AS IS 100%

IST YEAR REQ'D _ NUMBER AVAILABLE

E_IPME_iT UTILIZATION:

FUNCTIONAL LOCATION NUMBER

FLOW BLOCK REQUIRED REQUIRED
NUMBER

KSC

TOTAL REQUIRED
1 TOTAL COST $ -0-

|

/
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CONFIGURATIONOPTION

GSEDESCEIPTIONSHE_

RAME: STAGE WEIGH ;diD BALANCE KIT EQUIF,4_HZT NO. 173

FUNCTIO._.AI, REQUIRH[Eh_f(S ):

Determines weight and center of gravity on stage and tilt table.

_UIPMENT DESCRIPTION:

" .Similar to DSV-7-321 includes electronics from DSV-hB-3MS.

COST $ 5,000

$ 75,000

EQUIH4ENT CATEGORY:

NDI

IST YEAR REQ'D

EQUIH4EtiT UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

J._.i5

(DESIGN AND DEVELOPMENT)

(RECURRING/UNIT)

MODIFIED 10% AS IS 90%

NUMBL_ AVAIIABLE

LOCATION NIB4BER

REQUIRED REQUIRED

TPF/KSC 1

PPF/WTR -I

TOTAL }_F_U_P,v:D TOTAL COST _ _5;ooo
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CONFIGURATIOR OPTION

*C _'I?,_I_ "_ •GSE DEoCR_, _lul, SHEET

NiLe: STAR Tk_C'-_R SI:?_~ATOR ED.UIHMF_:T ;10. 174

FUNCTIONAl, RE?UIR_L'_N? (F_):

Simulates varying star magnitudes &ud position for optic integrity during

ground checkout.

EQUIPMENT DESCRIPTION:

A portable tester that can be attached to the star tracker

COST $. 60,000 (DESIGN AND DEVELOPMENT)

$... h2,000 (RECURRL_{G/UNIT)

EQUIPMENT CATEGORY :

NEW x MODIFIED AS IS

IST YEAR REQ'D NUMBER AVAILABLE

EQUIPMENT UTILIZATION:

FUNCTIONAL LOCATION

FLOW BLOCK REQUIRED
NU_'BER

Nb%IBER

REQUIRED

i.i.13 TPF /KSC i.

PPF/WTR i

Facto
1

/

TOTAL REQUIRED TOTAL COST $ 186,000
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CONFIGURATION OPTION

GSE DESCRIPTION SHEET

NAME: STATIC DESICCAtOr KIT EDUIP.4E_:T NO. 175

FUNCTIONAL REOUIR_h_ (n) :

Provides contamination control of main propellant tanks when not pressurized

EQUI_4ENT DESCRIPTION:

Breather assemblies with connecting hoses and clamps. Similar to

DSV-4B-365 & DSV-4B-450 kits

CO_T $ 7ooo

$ lOOO

(DESIGN AND DE%q_DPME_T)

(_CtmR_G/U_IT)

MODIFIED x

NUMBER AVAILABLE

AS IS

EQUIE,'_ENT CATEGORY:

NEW

IST YEAR REQ' D

EQUIPME_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

1.1.23

LOCATION ND%{BER

REQUIRED REQUIRED

ESc

WTR -2

Factory_ R

TOTAL REQUIR?;D TOTAL COST $ 15.000
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CONFIG[_ATIOROPTION

GSE DESCRIPTION SHEh_

NAME: SUBSYSTEM MONITORING CONSOLES EQUIR4F_T NO. | 76

FUNCTIONAL RECUIP_._"F (S) :

Monitors subsystem checkout and count down of avionics subsystems and

displays status

EQUIPMENT DESCRIPTION:

•Console with intercom, light and indicatons,..switches, and alpha numerical
t

display (propulsion, avionics, thermo, pneumatics) ,. . _

COST $ 70,000

$ 15,000

(DESIGN AND DEVELOPMENT)

(RECURRING�UNIT)

EQUII%'_EI:T CATEGORY :

NEW x WTR MODIFIED

IST YEAR REQ'D NUMBER AVAILABLE

EQUIPMEI_ UTILIZATION :

FUNCTIONAL LOCATION

FLOW BLOCK REQUIRED
NUMBER

2,4.3 KSC

AS IS X ETR GFE

Nb%_BER

R_QUIRED

6
i •

3 "
i

V

TOTAL REQUIRED 9 T(Y_AL COST $ iI_,000
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CONFIGURATIOR OPTION

GSE DESCRIPTION SHEET

NAME: TAPE RECORDER COMPONE_Ff TEST SET EDUI F.4D:T NO. 177

FUNCTIONAL RECUIR_74Eh_ (S) :

Checks stage airborne tape recorder. Provides voltages, input stimuli, and

output monitoring facilities for fault isolation to a component level.

_UIRMENT DESCRIPTION:

Similar to DSV-hB-111

CO,_T $ 30,000

$ 93,000

EQUI_4ENT CATEGORY:

NEW

IST YEAR REQ'D

EQUIPMEI_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

(DESIGN AND DEVELOPMENT)

(RECURRING/Lq#IT )

MODIFIED 0 AS IS 100% at ETR

NUMBER AVAILABLE

LOCATION NU%IBER

REQUIRED REQUIRED

KSC (TPF) 1

WTR (PPF) • 1

Factory 1

i ,

TOTAL REQUIRE1) 2 _OTAL COST $

/

210.000



CONFIGURATIONOPTIO:;

GSEDESCI'.!PTION e

-'_'_=_'"_'" CONDITIONING_;IT
NA.'._: _,_-,.= .... iDUIE.IEI:T NO. !9n

F_lCTIO'[AL RE2.UIRET_I_(S) :

Supplies conditioned air to trapped atmosphere sections of the Tu_

vehicle durin_ manned occuDancy in those sections.

EQUIR4ENT DESCRIPTION:

Includes blower, controls, and directed ducting for air flow.

COST $ !i0,000

$ 2_2,ooo

(DESIGN AND DEVELOPM_{T)

(RECURRING/UNIT)

MODIFIED 10%

5_U_BkR AVAILABLE

AS IS 90% ETR

EQUIPMENT CATEGORY:

N_._

IST YEAR REQ' D

EQUIP;._NT UTILIZATION:

FU NCTI ONA L

FLOW BLOCK

NUMBER

1.I,5

LOCATION NI_4BER

REQUI RED R EQUIR ED

TPF/KSC

PPF/KSC

PPF/WTR

Factory

i

i

I

i

TOTAL REQUIRED h TOTAL COST $ .078.o_00_





COnfIGUrATION OPTION

GSE DESCHi}_T!0N SHE_

NA,'4E: TILT TABLE HA/IDLING KIT EOUIE4_:T NO. 181

FUNCTIONAl, RE_UIR_I_ (S) :

Provides means of transporting and handling stage aft interstage.

EQUIP_'ENT DESCR IPTION:

Similar to DSV-hB-_07

COST $ 22,000

$ 101000

(DESIGN AND DEVELOPSY.2{T)

(RECURRING/UNIT;

MODIFIED

NU_ ,k_ AVAILABLE

AS IS

EQUIPMEI:T CATEGORY:

N_/.I x _ _

IST YEAR REQ'D

EQUIPMEI,T UTILIZATION:

FUNCTIOI_AL

FLOW BLOCK

N_4BER

1.1.16

1.1.17

LOCATION NI_[_ER

REOUIRED REQUIRED

TH/KSC 2

PPF/WTR .I

Factory i

TOTAL _'_"_ n TOTAL COST $ , 62,000



CONFIGURATIOR OPTION

GSE DESCRIPTION SHEET

NJtME: TRACTOR - TRANSPORTER

FUNCTIONAL REC.UIRE_NT(S ):

To pull transporter for Tug/SO

EDUI_T4_:T NO. 182

EQUIPMENT DESCRIPTION:

Three axle tractor with sto. 5th wheel -- Ford C-800 or equiv.
t

COST $ o

$ o

(DESIGN ANDDEVELOPMENT)

(_CU_ O/U_Z_ )

MODIFIED

NUMBER AVAILABLE

LOCATION

REQUIRED

EQUIP_ENT CATEGORY:

NEW

IST YEAR REQ' D

EQUIFMEZiT UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

1.1.2.1

1.1.25

2.1._

2.h.5

2.1_.8

KSC

WTR

AS IS X GFE at facility

NUMBER

REQUIRED

2

"2

V

TOTAL REQUIRED TOTAL COST $ -0-
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CONFIGURATIOR OPTION All

GSE DESCRIPTION SHEET

NAME: Tp_/;SPORTER EDUIR4_!T NO. 183

FUNCTIONAL REQUIR_NT(S):

To _ive horizontal support and provide mobiliSyto the environ_.entally

_protected Tu K with a secondary capability for roll and access.

EQUIPMENT DESCRIPTION:

A Saturn SIVB transporter modified to incorporate Saturn Workshop running

gear and for provision of Tu_ com2atible cradles.

COST $ I0,000

$ 25,000

(DESIGN _ND DEVELOPMEnt)

(RECURRING/_IT)

EQUIPMENT CATEGORY:

NEW MODIFIED 20_ AS IS 80%

IST YEAR REQ'D NUMBER AVAILABLE

EQUIPMENT UTILIZATION:

FUNCTIONAL

FLOW BLOCK

I_JMBER

LOCATION NUMBER

R_UIRED REQUIRED

l.l.h

1.1.2.1

1.1.2.2

1.1.25

2.1.4

KsC h

WTR 2

Factory .... 1 .

2.3.h, 2.h.5

2.h.8

TOTAL REQUIRED

/
7 TOTAL COST $ .... 185.,000
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CONFIGURATi0ROPTION All

GSE DESCRIPTION SHEET

NAME: TUG SUPPORT KIT (VERTICAL) EDUI_4E_'T NO. 184

FUNCTIONAL RECUIP_4EE"F (S) :

A welded structural steel stand to match Tug/Shuttle attach points and

support Tug in a vertical position for SC mating.

EQUIPMENT DESCRIPTION:

Welded structural steel tube _4,000 Ibm.
°

=,, , ,

COST $ i0,000

$ 80,000

EQUIE:UNT CATEGORY :

NEW

IST YEAR REQ' D

EQUIPME_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

2.2.1.1

2.2.1.2

(DESIGN AND DEVELOPMENT)

(RECUmU_GIU_T)

MODIFIED

NUMBER AVAILABLE

AS IS

LOCATION

REQUIRED

KSC

WTR

Factory

ND_4BER

REQUIRED

1

1
,| ,

.i

V

TOTAL REQUIRED 3 TOTAL COST $ 250,000
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CONFIGURATION OPTION

GSE DESCRI_I_IO!{ SHEET

_ME: UMBILICAL SYST._--M EOUIPT4ENT NO. 185

FUNCTIONAL REQUIR_,_NT(Z) :

Connect test and checkout equipment to vehicle or to orbiter umbilical.
Also!

used for post flight safing.

m

EQUIPMENT DESCRIPTICN:

.Orbiter-half'disconnects, ground-half disconnects (if different f_ma orbiter-

half), and hoses.

CO_T

EQUIPb:ENT CATEGORY :

NEW____E

IST YEAR REQ' D

$ hO0,O00

$ .5o;oo0

(DESIGN AND DE._J_PMENT)

(RECURXn_G/UNn)

MODIFIED AS IS

NUMBER AVAILABLE

EQUIPME_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

1.1.5

2.3.2.2

- 2.3.9

2._.2

2.h.5

LOCATION

REQUIRED

KS( (Launch pad)

TPF/KSC

MCF/KSC

Factory.

PPF/W_

MCF/WTR

l

1

1
_ i i

1
J

1

V

TOTAL RZQUIRLD ? TOTAL COST $ _ 7os..Q._oo_...



CONFIGURATION OPTION

GSE DESCRIPTION SHE_

N__ME: VOICE ;_hq)TIME_G SYST_4 ID.UIE4F_T NO. 189

F_CTIONAL R ....UIR__,_(o) :

Records timing and voice on Wide Band Magnetic Tape Recorder.

EQUIE4ENT DESCR IPTION:

Similar to DSV-hB-772

COST $
J ,

i0.000 (DESIGN AND DEVELOPMENT)

. 6-000 (RECURRING/UNIT)

EQUIPMENT CATEGORY:

N_I MODIFIED As _s i00%

IST YEAR REQ'D NU_I_ AVAILABLE

EQUIPMEI_T UTILIZATION :

FUNCTIONAL

FLOW BLOCK

NIn4f_ER

LOCATION

REQUIRED

2.h.3
KSC (BLOCKHOUSE) i GFE at ETR

WTR (BLOCKHOUSE) -I

TOTAL REQU!EFD . T_gAL COST $ i6,Q00

&-.:L2--
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CONFIGURATION 0PTI0::

GSE DESCRIPTION SHEET

K__ME: WIDE BAND MAG_TETIC TAPE RECORDER EQUI}_4F_T NO. 190

FUNCTIONAL RECUIRE}_ (D) :

Receives and stores TM data for eventual _layback and data analysis.

||

EQUIPMENT DESCRIPTION:

Simllar to DSV-hB-127

COST

EQUIPME_:T CATEGORY :

NEW X WTR

IST YEAR REQ' D

EQUIPMEf_ UTILIZATION :.

FUNCTIONAL

FLOW BLOCK

NUMBER

1.1.7.9

1.1.8.9

1.1.9.9

12,00o

_7,Ooo

MODIFIED

,| ,

TOTAL REQUIRED

(DESIGN AND DEVELOPMENT)

(RECURRING/UNIT )

AS IS

NUMBER AVAILABLE

X ETR

LOCATION

REQUIRED

TPF/KSC

MCF/KSC

PPF/WTR

MCF/WTR

NUMBER

REQUIRED

1 GFE ETR

1 GFE ETR

1

1

TOTAL COST $ 106,000



A

IA49063-1

ACCESSPLATFORM

(UPPER CENTER)

_ / I_Y,.t

I,:_L;5-I

PLATFORM
HAND CRANK

VIEW A (2 PLACES)

IA58329--1
TOW'

IA57686-I

JACK (8)

IA49062-1

HORIZONTAL
ACCESSPLATFORM

HORIZONTAL ACCESSPLATFORM

too<,_j,_-,,_i___i I
i_ _ _-_ IORKSTAND KIT ,

l mu,_uo S!{ZET
• %



CONFIGURATION OPTION A! I

GSE DESCRIPTION SHEET

_tqE: WORKBTAND - KIT EOUIE4F?IT NO. 191

FUNCTIONAl, RECUIR_I_"r(S) :

To provide access to side and end of Tug (space craft) while installed on

transporter.
i

_UI_ENT DESCRIPTION:

Slde access -- carbon steel angle and gratln 6 platform mated to transporter.

_n_ access -- steel an_le and _rating structure with extensible platforms, mated

.to transporter.

CO_T

EQUIP_4ENT CATEGORY :

NEW X

]ST YEAR REQ' D

$ 15 nnn

$_ 12.000

EQUIPI4E_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

1.1.5

2.2.1.1

2.2.2

2.3.2.2

3.1.1.

TOTAL R[£QUIR_:D

(DESlnNAND O OP U)

MODIFIED AS IS

_ NUMBER AVAILABLE 0

LOCATION N_IBER

REQUIRED RI_UIRED

PPF/ICSC 2

storable Prop/KSC

TPF/KSC 3

PPF/WTR 3

Storable Prop/WTR I

Factory 2

12 T_fAL COST $ 147,000



CORFiGURATIOB OPTIO_t A11

GSE DESCRIPTION SHEET

NAME: SECURITY VEHICLE _.UIR4F_T NO. 192
ill l j,,, |l " - l

FUNCTIONAL RECUIR_NT(S) :

Provide on-$_e transportation for the security versonuel accompanin_

_DoD Svacecraft and secure Tug vehcle from classified facility to classified

_f_c_lity

_IR_ENT DESCRIPTION:

Two axle motorized vehicle. GFE at facilJ,ty.
i , - i , ii ii , _._ | • i t i l

, L _

co_r $ -o- (DESIGN AND DEVELOPMENT)

-0- (RECURRINGItRIIT)

EqUIPME_TT CATEGORY:

NEW X MODIFIED ASIS

IST YEAR REQ' D NUMBER AVAILABLE

E_UIH4E_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

LOCATION

R_UIRED

2.2.1.1

2.3.1

2.3.b
|i

2._.8
i

KSC

WTR .3

TOTAL REQUIRE_

i

6

, i i

_O_AT.COST$ , -o-.



t.;OhFIU UhA'£IUN OP'I.'I 0:1 ,_

GSE DESCFI.*_TION SHEk_

NA!_E: SI:.X]IATION FLIGHT TEST COkrPIfi_._RPROGPI2,! ED.UITN_:T NO. 301

D_ "_v _ T cFUNCTIO'L_I ....... UI R£'t _,.'T (o) :

Simulated flight test (integrated system test) verifies Orbiter and Tug operate

as a system. Verifies all interfaces in a simualted flight mode approxlmate_hOK.

E_UI_IENT DESCRIPTION :

Mag,netic, taue.'or disk_'llstin_ and test _roeedure_

COST 1-'_ UF!T:
' _ II i '_19 'OSq .... ( _:0; _- RECURR I;_ _ )

J

$ 6ih,225 .(KE(._RRING)

' D r _,EQUI. I.,E.,TCAYEGORY:

MODIFIED AS IS

IST YEAR REQ'D h_ I'-_AVAIIABLE

EQUIP;4EhT UTILIZATION:

FUNCTIONAL

FLOI: BLOCK

N_._ER

LOCATION

REQUIRED

2.3.9

2.h .i

2.h.3

MCF KSC

MCF WTR

Factory

1"

1

TOTAL REQUI R._;D 3
J - ,

TOTAL COST $ 2,033,255 _



CON?IGURATIOR OPTION

GSE DESCRIPTION SHEET

NA_ME: GROUND CHECKOUT COMPUTER PROG_MS EOUIL'4ENT NO. 302

FUNCTIONA[o RECUIR_4ENT(D) :

Executive control of Tug avionics computer and ground checkout computer.

Avionic computer, Executive and ground checkout computer executive.

EQUIPMENT DESCRIPTION: ..--

Magnetic%ape of disk; Ilstlffg, and _est procedu_re. _8K approximate me_y
• ' " " n " " " n

instructions. (GSE computer checkout executive program 20K, flight computer checkout
--- L

:'executive 8K. )

n

CO_,,T $ 290,6h0 (DESIGN AND DE_LOPME_T)

$ 29,o6k (_C_Z_G)
• u

EQUIPME_'T CATEGORY:

NEW x MODIFIED

IST YEAR REQ'D NUMB_ AVAILABLE
um,n

EQUIPME_ UTILIZATION:.

FUNCTIONAL LOCATION

FLOW BLOCK REQUIRED
NUMBER

2.3.9 KSC

2.1_.1
L

2. _. 3 Factory

AS IS

1

1
n

1

m|

TOTAL REQUIRED 3

,,, i

TOTAL COST $ 319,70h



CONFIGUSATIOR OPTION 2

GSE DESCRIPTION SHEET

NAME: GROU:,_ CHECKOUT TUG PROCESSING FACILITY EDUIH4E_IT NO. 30_

CO)._D_fER PROGRAMS

FUNCTIONAL RECUIR_._4ENT(S) :

Instrumentation system calibration & test. All system test. Subsystems test

(used on long storage Tugs) Programs for ;over distribution tesW, communication

test, ACPS, engine gimballing (steering), propulsion - pressurization, propellaat

Utilization, engine electronics, thermal control, data management, and guidance

Navigation & Control
_UIR.IENT DESCRIPTION :

. Magnetic tape or disk, li_ting, and test procedur.e. 256-_ approximate memory

instructions. (Tug power on/off 10K, power distribution 25K, communications 2OK,

propellant utilization 6K, APCS 20K, engine gimballing 20K, propulsion 40K, data

managment 20K, GII&C 15K_ instrumentation system test and control 35K, all system

test h5 " ,

COST $ 5,857,280 (DESIGN AND DEV_LOFME_,_)

$ 399,125 (RECURRING)

E_UIPMEI:T CATEGORY:

NEW x MODIFIED AS YS

IST YEAR REQ'D _ _"OMDER AVAILABLE

EQUIH_E)_ UTILIZATION:.

FUNCTIONAL

FLOW BLOCK

I(U_ER

LOCATION

REQUIRED

NUMBER

REQUIRED

1.1.8.9 KSC

WTR

; Factory

1

1

1

TOTAL REQUIRED 3
,, mj

• i , • °

,°

TOTAL COST $ 3,266,h05

,j



GSE DESCRIPTION SErEET

CONFIGURATION ORLON

RAME: GRO_I'D SUP?ORT SELF-CHECK COMPUTER PROGRAM_0uIR4FR T NO. 305

FUNCTIONAL RE_UI RK',4F,NT (_) :

GSE Integrity checks and self-check programs
, i .... ,, _, i| ,, • Jt

m , , I., ._ |,, ¢

EQUIPMENT DESCRIPTION:

M_e_ic tape or"di_;'Ltsting, and test procedure. 65K approximate memorT .
|.J , , L, " ° .' . , . , , , _. " i _| t ," 2 ml •,

instructions. (GSE/Tu_ connector verification program 15K, GSE self check program
m i t i i ,, , . , , .... , , I iH •

5ozc.)
i - , i i i ll| i

COST $ 6?_.700 (DESISa Am) DmrEmmUST)

E'_UIPME_,'TCATEGORY:

NEW x MODIFIED

_T YEAR RE(_tD

E_IIPME_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

2.3.9

AS I8___.___._.

_ RUMBER AVAILABLE

LOCATION

RI_UIRED

KS0
i ii i nl

WTR

Factor_ ,

i.

i .,

I
ii i •

i

TOTAL REQUIRED 3 TOTAL COST $ 7h2,!70



CONFIGURATIOR OPTIOM

GSE DESCRI[TION SHEET

NAME: LAUNCH COLq,'TDOWN CO:,t°UTER PROGPJC4S . EOUIE4_:T rlO. 306

FUNCTIONAL REtUIR_I_"F(S) :

Simulated fliKht test pro6ram, propellant loading, and countdown program

(rower transfer, vehicle status and redline checks)

i

EQUI_4ENT DESCRIPTION:
2"

Magnetlc tape or disk, listing test procedure, countdown meauals. 65K "

approximate memory instructions. (Propellant loading proeram 35K;countdovn program

_OK. ) "
, ,

• co_r $,,, 67h,7oo

$ 67.h70

EQUIPI.:EI;T CATEGORY :

NEW x

IST YEAR REQ' D

EQUIP;.[E!,T UTILIZATION :

FUNCTIONAL

FLOW BLOCK

ItUMBER

2.h.3

MODIFIED

(DESIGN _{D DE'SLOPMF2_)

(RECURRING)

TOTAL REQUIRED
,J ,

AS IS

NUMBER AVAILABLE

LOCATION

REO.UIRED

KSC

_rR

N UH BER

REQUIRED

1

1.
ii |

TOTAL COST $ 71_2.,170

I.

I'



CONFIGURATIOR OPTION

GSE DESCRIPTION SHEET

NAqE: SUPPORT SOFTWARE CO_TUTER PROGRA_'_ E_UIR4F_IT NO. 307

FUNCTIONAI, RECUI R_o_.h_ (S) :

Checkout compiler - assembler, Tu_/GSE f_nction dictionary and calibration

program, system simulation program, Tug flight computer emulator, orbiter/Tug

checkout computer emulator, Fortran equation model program, trend data analysis

program, flight program assembler and orbiter/Tug computer program assembler

EQUIPMENT DESCRIPTION:

... "Magnetic tape or disk, listing, _ad test procedure.

4.

80K approximate.memory
°o

• °
@

instructions. (Data description program 10K, dictionary proaram 10K, compiler/

assembler progr,_m 60K. )

COST

EQUIPMENT CATEGORY:

$ 830,400

$ 83,040

NEW x

IST YEAR REQ'D

EQUIPMEI_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

2.3.9

2.h.l

2.4.3

(DESIGN ANDDEVELOPME_T)

(RECURRING)

MODIFIED

NUMB_ AVAILABLE

AS IS

LOCATION

KSC

WTR

"" Factory

NUMBER

REQUIRED

1

1

1

TOTAL COST $ 913. hO0



CONFIGURATION 0PTIO_; 01

o

_TV GSE DEC"J!r,r'TIO:; SHE_

.'_C 3_t-C7-01

_AME: AEDC INTERFACE CABLE KIT E_UI_4_IT llO. 308

F[_CTIONAL ._E_UIR_._I,T(S ):

Instrumentation reouired to instrument Tug for propulsion test vehicle testing

in J_ test cell at AEDC.

EQUI P,-'_ENTDESCR IPTI 0_[:

50- Instrumentation cables•run between Tug and._uncti0n box.
• , , r - • ,, , i

cables.

Also, 6 _nterface

COST FER UI:iT: $_ 13,500 (NO:_-REOJRRING)

$ 30,000 (RE IU|',R I]_IG/Y EAR )

• _ r ?"EQUI.I.,E.T CATEGORY:

NE_t X MODIFIED AS IS

IST YEAR REQ'D b_U_ ER AVAIIABLE

EQUIP;4EI_ UTILIZATION:

FUNCTIO_;AL LOCATION

FLOW BLOCK REO UIRED
N_4BER

TOTAL REQUIRED T_rAL COST $ .J



k._
N^:,_E:

CONFIGURATION OPTIOtl

: ,

' '_rBS 32A-07-01

TUG TEST CELL HOLDING FIXTURE EQHII%|NIT HO. 309

FUNCTIONAl, .WE_.UIP,Y3_]_'(S) :

_Iding fixture to mount Tu..gin the Jh test cell at AEDC.

01

EQUI_4ENT DESCRIPTION:

Tubular steel holding fixture that adapt to Tug .and test cell.

.. B ?,. • - o- m , ,

I

COST F]_4 UNIT: $.... 8,7 0

6,ooo

EQUIP!4E_':TCATEGORY :

NE',I

IST YEAR REQ' D

EQUIPMENT UTILIZATION:

FUNCTIONAL

FLOW BLOCK

Nt,4BER

MODIFIED AS IS

NU_'/_ AVAILABLE

LOCATION

RE0.UIRED

TOTAL REQUIRED

L

TOTAL COST $ ...Ih,750



NAME - AEDC

UUR_IGURATIOR

_t_ T" tT

J . ,,

' "'WBS 32A-07-01 " ""

I/_I'ERFACE JUNCTION BOX E_.UI}I.IF_}TNO. 310

OPTION

FUNCTIONAL RE_UIRE',7.I.T(S ):

Instrumentation Junction box required to interface with Jh test cell at AEDC.

Ul
-----____.__

j

EQUIR_ENT D_CRIPTION:

Junction box with 500 twisted shielded wire and 60 connectors.

COST PER UNIT: $ 12,500

$ 16,000

E_IPMEI:T CATEGORY :

NEW

IST YEAR REQ' D

EQUIPMEI_T UTILIZATION:

FUNCTIONAL

FLOW BLOCK

Ni_4BER

(NON-RECURRING)

(RECURRING/YEAR)

MODIFIED AS IS

NUMBER AVAIIABLE

LOCATION

RF_.UIRED

,,.j

? i

TOTAL REQUIRED TOTAL CO.ST $ 28-_,500



CU|_[,.tGtiltA'_ luA_ t;PTIOt!

GSE DESCP, I}'TION S}{E_?_

b

'_5S 32A-07-01

NAME: TEST SOFI"_ARE CO._UTER PROGRAM EOUIFM}q:T UO. 3!1
/

, ,, ,, i ,,i,

FUITCTIONAI, .q:'_,,UI...._:I,_(.,):

Test software to control the propulsion test vehicle for cold flow and static

firing tests in the Jh test cell a_ AEDC.

]_UI_4ENT DE,(3CRIPTIO:!:

• Magnetic tape or disk,, listing and test procedure (see attachment).

COST PER UI;IT:

o

EQUI_4EI;T CATEGORY:

NI_:; X

IST YEAR REQ'D

EQUIP;4E_T UTILIZATION:

FUI;CTIONAL

FLOW BLOCK

N_4BER

MODIFIED

}_JMBER AV AI IABLE

LOCATION

REOUI RED

AEDC Jh Test Cell

AS IS

NI_4I'_I:'R

REQUIRED

TOTAL REQUI R._.D
51.9CO

TOTAL CUIIT %_



TEST SOFTWAP_ REQUIP_-.-_--_S (;-_EDC) Jh TEST CELL ?

A. Define instrumentation requirements

i. Assign data channels and speeds for analog data.

2. Assign discrete channels.

3. Determine data recordin_ requirements (tape recording, strip chart, ,

and real time reduction via Raytheon 520 and i_.! 360/50 computers).

_. Determine console real time data display requirements.

5- Determine checkout computer (I_M 360/_h data input requirements

for real time test control and monitoring).

_. Define control parameters

1. Assign control functions for manual control panels in J_ test cell.

2. Assign checkout computer control functions (relay closures and

logic level).

C. Define calbiration data

i. Determine calibration for facility instrumentation (use trend

data from other test programs).

2. Determine calibration for the test peculiar parameters.

It is assumed that AEDC J4 test cell provides channel assignments list, calibra-

tion data, signal routing requirements from existin_ support software programs.

MDAC will have to provide inputs to these programs through Interface Contro_

Documents (ICD).

ENGINE FIRING TEST

Develop a checkout/control program to perform the static firing test.

The following tasks are to be performed.

a. Automatic facility monitoring and control

b. Chilldo_m and prepare engine for ignition

c. Fire the engine and monitor critical parameters for possible abort

d. Initiate cutoff and sequence the engine

e. Secure the facility

f. Provide emergenc'/ shutdo'_n sequences



This pro_r_n is sized at 16,000 vcrds _h!ch inz!ude limited real-tlme doc_menta-

tlon via th_ line printer.

The assmm;tion for both these programs is that the IBN 360/4_ is progrsz_ed

using a high-level test language which is capable of real-time decisions

operation. I: i_ also assumed the necessary cimpilers, assemblers and validation

software nemessary for the test program is available at AEDC.



CONFIGURATION OPTION

GSE DESCRI._TION SHEET

NAME: MISSIO:; CONTROL TUG SUBSYSTEM SOFTWAI%E_ _UIE.IH:T HO. 3i2

FUf|CTIONAI, REQUIR_!_(S):

Provide software to drive displays for Tu_ subszstemstetus. ' Utilizing _xlsti_ Z

software programs at mission control and provide subroutines for Tu_peculiar

functions.

EQUI_4ENT DESCRIPTION:

Card decks, listings, and magnetic'tapes. • °

J

COST PER UNIT: $ 950,000

$ 2,173,500

..

EQUIPMENT CATEGORY:

N_4

IST YEAR REQ' D

EQUIPMEI_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NI_4BER

(NO!'_-RECURRII'G) FOR NASA AND DOD COMBIHED

MODIFIED

NIB_E_ AVAIIABLE

LOCATIOH

REQUIRED

NASA Mission Control

AS IS

1

DOD Mission Control

J

TOTAL REQUIRED TOTAL COST $ 3,123,500



CONFIGURATION OPTION

GSE DESCRIPTION SHE]_

NA!4E: DOD MISSION CONTROL STATUS AND MONITOR_iG EO..UIE.{k-NTNO. _.IS

STATIONS

FUNCTIONAL REQUIR_I_(S):

Provide Tug status to DOD mission control for providing up/down link commands.

Provide subsystem status for trajectory and guidance, propulsion, electrical ;@wer,

thermal, data management, test director, and rendezvous and docking functions.

_QUIPM_T DESCRIPTION :

"Seven two bay sitdown consoles with cathode ray tube, alpha ntuaeFi@al displays,

cownunications, and associated circuitry.

COST PER UNIT: $

1TT_I g_,v_-QU_, ,.,,,,T CATEGORY:

$

B.

NEW MODIFIED AS _S X GFE

IST YEAR REQ'D NUMBER AVAIIABLE

EQUIP;.FEI_T UTILIZtTION:

FUNCTIONAL

_'LOW BLOC}[

NUMBER

LOCATION NIN_BER

REQUIRED REQUIRED

DODMission Control 7

TOTAL REQUIRED TOTAL COST $



CONFIGIRATIONOPTION

GSE n;,c,_-ru,-,-._, SHE}.-'?

NA,4E: NASA MISSION C0_I_ROL STATUS MONITOR!fIG I_,,uIr_.Ik_;T210. 31_

STATIONS

FUNCTIONAL PEQUIREf_h_ (S) :

Provide _"hn_ status to I|_A mission control for providing up/down link commands.

J

Provide subsystem status for traJectow a_ _id_ce; _opulsion, electric_ _wer,

thermal, data management, test director, and rendezvous and docking functions.

EQUIPMENT DESCRIPTION: " " "

_b_7 siCdown consoles with cathode ray tubes, alpha numerical displays.,

_.unicatlons, and associated circuitry.

COST PER UI;IT:

EQUII_/,ENT CAqEGORY :

N_;

IST YEAR REQ' D

EQUIP;4EZ_T U?ILIZATION:

FUNCTIOT;AL

FLO'.! BLOCK

NI24BER

MODIFIED AS IS X GFE

NU_,__ AVAIIABLE

LOCATION NI_4P.ER

REQUIRED REQUIRED

..J

'NASA Missio_ Control 7

TOTAL REOUIRF;D TOTAL COST $ -0-



App_,ndix F Facility Description Sheets

V



FACI LITY DESCRIPTION SHEET

NAI4E TUG PROCESSING FACILITY _- ......... LOCATION.

• \

t
f

. i

!,

FUNCTIONAL Pb_IPOSE:

A central and integrated facllity for implementing the required inspection, CO

and M&R operations of the Tug and for Tug/SO mating. The facility wiii provide

storage for a maximum of 12 vehicles and work space to permit wrocessin_ 2 vehicles

in parallel. Space will be provided for storage of required spares, for a LOX clean

room and for administrative, Q.C., and engineerln< offices, as required. A class

lOOK clesn environmen_ will be maintained in all _:ut office areas of the building.

FACILITY DESIGN: First floor

of KSC-MT-355

FLOOR DI_,._E!.TSI_NS _f. X

shop half TYPE
J,n

0&c BI_

FT. (AT;EA = L_60,O00 _2)

MAXIMUM CEILING HEIGHT 94 FTo

CLEANLY)?_SS LEVEL REQUIRED 1@3,000 (Extent office areas)

SEC_Ri_ _O.UIR_ X YES NO

FACILITY CATEGORY:

NEW MODIFIED 5% AS IS 95%

FACILITY COST:

$ ..... 500_0,'_0 :__ (NON-._ECb_RIW_G)

$ (RF.c_RINO_'mP, )

IST CALE_D'_R YEAR FACILITY REO.UIRED IS

TOTAL FACILITY COST IS $

V



FACILITY DESCRIPTION SHEET

NM.;E DOD PAYLOAD PROCESSING FACILITY LOCATION KSC

F_CTIO_tAL PURPOSE:

A facility to implement and maintainsecurityfor those operatlons, requ!red to

2rcpare DOD Space Craft for mating with Tug. The facility will provide a cl_s

lOOK clean environment for all areas except that space required for administration,

q.C., and englneeri_ offices.

FACILITY DESIGN:

FLOOR D!:.:Ei!S!ONS i00 FT. X 150 FT.

TYPE F_,T_STEEL

(AREA = 15,000 FT 2)

MII;IMi_MHCOK HF_IGHT .6_ • FT.

CLEANLI;:ESS LEVEL REQUIRED 1.O0,O00 CLASS

SECURITY EEqUIRED x YES NO

FACILITY C&TEGORY:

N_': X MODIFIED AS IS

FACILITY CCST:

$ 500,000 (NON- RECTOR I_IG)

(nF.cuRl_i_a/TEAR)

]ST CAI,]';_;DA[_YEAR FACILITY R_UIRED IS

TOTAL FA_LLITY COST IS $

5



FACILITY DESCEIFIfION S}_.k_T

NA_;E PAYLOAD PROCESSING FACILITY LOCATION WTR

_UNCTIONAL PURPOSE:

A central and integrated facility for implementing the required inspection, CO

and M&R operations of the Tug and for Tug/SC mating. The facility will provi4e

_¢ork space to permit processing and/or storage for 2 vehicles. Space _till be

orovided for storage of required spares, for a LOX clean re,::, and for administrative,

Q.C., and engineering offices as required. A class 100K clean enviror_ment will be

maintained in all but office areas of the building.

FACILITY DESIGN:

FLOOR D_.E:o';S!o.':S i_0 FT. X 200

_\iIkqIM CEILING HEIGHT 65 FT.

FT.

TYPE FAB STEFL

(AREA = _30.000 FT 2)

CLEANLINESS LEVEL NEOUIRED _i00,000 (EXCEPT OFFICE ANEAS)

SECURITY REQUIRED X YES NO

FACILITY CATEGORY:

NEW X _

FACILITY COST:

$

$

MODIFIED AS IS

_j_5o_DA0_ (_ZON-RECURRn:C)

(R_CURRING/YF_,I_)

IST CAL_:DAR YF3.R FACILITY REQUIRED IS

TOTAL FACILITY COST IS $



FACTLITY DESCRIPTION SI'FET

NAME _SIJUTTLE MAINTERANCE/CO FACILITY LOCATION KSC

FUNCTIONAL PURPOSE:

The HCF will be modified/designed to provide Tug requirements for floor space to

accomaodate , I.F. verification and for a Control Center link.

• FACILITY DESIGN:

FLOOR DI%_F/'S7-ONS

_XIMUM CEILING HEIGHT

CLE/d_LIiiESS LEVEL REQUIRED

SECURITY REQUIRED

TYPE
I

FT. X FT. (AREA = I=T2)

FT.

YES NO

FACILITY CATEGORY:

NEW MODIFIED AS IS

FACILITY COST:

$ i0_000

$

(NOlO-RECURRinG)

(R_CURRING/YEAR)

IST CAL_;DAR YEAR FACILITY REQUIRED IS

TOTAL FACILITY COST IS $



FACILITY DESCRIFflONSliEk_

N_._E SHUTTLEMAI_fF_{ANCE/COFACILITY LOCATION WTR

F_{CTIONAL PURPOSE:

The MCF will be modified/designed to provide Tug requirements for floor space to

accommodate , I.F. verification and for a Control Center lirLk.
L,

FACYLITY DESIGN:

FLOOR DI_CEI,.tSIONS

_XiMOM CEILING IIEIGHT

CLEAL'LIIIESS LEVEL REQUIRED

SECURITY REQUIRED

TYPE

_. X FT. (AREA = _2)

YES NO

FACILITY CATEGORY:

NEW

FACILITY COST:

MODIFIED

$ i0,000

$

X AS IS

]ST CAI,Ei;DAR YFJiR FACILITY REQUIRED IS

TOTAL FACILY'I"/ COST IS $



FACILITY DESCRIPTION SI{Ek_

NAME LAUNCH SERVICE STRUCTURE (LASq_CH PAD) LOCATION KSC

FUNCTIONAL PURPOSE:

The two Service Towers will be mpdlfied/desianed to Drovideacces s to the Tu_ in

the Shuttle payload bay_ Tug propellant load, dump, and vent capability; gas,"

_ver, and communic_ion systems _d space _ store Tug pcculi_ GSE at _int of

USe.

FACILITY DESIGN:

FLOOR 9_.'.E._':SFONS

P,AXIMUM CEILI_G HEIGHT

CLEANLINESS LEVEL REQUIRED

S[':CURITYREQUIRED

TYPE

_. X FT. (AREA = FT 2)

F_e

YES NO

FACILITY CATD3ORY:

_.'ODIFIED AS IS

FACILITY COST:

$.... 350,000 _

$

IST CALF.:;DA}{YEAR FACIIJTY REQUIRED IS

TOTAL FACILITY COST IS $



FACILITY DESCHIPTION SHEET

N_._E LAU_CH SERVICE STRUCTURE (LAUNCH PAD) LOCATION WTR

FUNCTIOHAL PURPOSE:

The Service Towers will be modifled/designed to provldc access to the Tug in the

Shuttle payload bay; Tug propellant load, dump, and vent capability; gas, power,

and communication systems and space to store Tug peculiar GSE at point of use.

FACILITY DESIGN: TYPE

FLOOR n _v,qr =_!?,_J_l__ONS _. X FT. (AREA Pr 2)
t.

_MXIMUZI CEILING }{EIGHT FTo

CL_I_NLY_:ESS LEVEL REQUIRED

SECURITY REOglRED YES NO

FACILITY CATEGORY:

NR%r MODIFIED X AS IS

FACILITY COST:

t 35o,oo0 .

$

(NON-RECURRinG)

(RECURHING/YF2,R)

IST CALENDAR YEAR FACILITY REQUIRED IS

TOTAL FACILITY COST IS $



FAC]LE_ DE[;CRIPTION Slfi.:_T

h,A_E LAI_CII CONTROL CENTER LOCATION KSC

FUNCTIONAL PURPOSE:

The Launch Control Center shall be modified to provide a secure room for DOD

space craft.

-- _ ,m n

- , i ,

FACYLITY DESIGN:

FLOOR DP.,'_E_.,!S.TONS

HAXII._DICEILING HEIGHT

CLF2_:LI;IESS L_EL REQUIRED

$}_'C'!RITYREO.U!R_D

TYPE

n. x FT. (AREA- _2)

F_o

YES NO
.... c

FACILITY CATEGORY:

NEW

FACILITY COST:

MODIFIED

$ I0,000

$

X

(NON-RECURRiNG)

(RF.CURRING/Y EAR )

AS IS

IST CALENDAR Y?AR FACILITY REQUIRED IS

TOTAL FACILITY COST IS

V



FAC] LITY DESCRIPTION SHEET

NM;E lAUNCH CONTROL CENTER LOCATION WTR

FUNCTIOr_AL PURPOSE:

The Launch Control Center shall be modified to provide a secure room for DOD

SDSCe craft.

FACILITY DESIGN:

FLOOR DIyEI,TSIONS

MAXIMUM CEILING IiEIC}IT

CLE/J:LII;ESS LE%'EL REOUIRED

SECURITY REQUIRED

FT. X

FT.

TYPE

FT. (AREA = FT _-)

YES NO

: i

FACILITY .A _EjORY:

N_.! MODIFIED. X AS IS

FACILITY COST:

$ -0- (NON- RECURR I'.4G)

$ (RFC  RING/ 'EAR)

IST CALk_;DAR YEAR FACILITY REQUIRED IS

TOTAL FACILITY COST IS $



FACILITY DESC/_IPTION SHEET

N_E SHITfTLE SAFING FACILITY LOCATION KSC

P'(E;CTIONAL P_{POSE:

The SF will include provisions for Tug propellan_ storage and transfer ancl for

Tug gas, power, and communication requirements.

FACYLITY DES[[GN:

FLOC_ L_ :'_!:STO.,NS

MAXY_,_TMCEILING HEIG}IT

CLEANLY;lESS L_VEL REQUIRED

SECURITY REQUIRED

FT. X FT.

FT.

YES

TYPE

(AREA = _2)

NO

FACILITY CATEGORY:

N_; MODIFIED X.....= AS IS

FACILITY COST:

-0- (NO  -RECURRING)

(RECURRING/YF2,R)

IST CAL_:DAE YEAR FACILITY REQUIEED IS

TOTAL FACILITY COST IS $ ..... _



FACILITY D;_SCEIFglON CHE)!,T

NA_r_g. SHUTTLE SAFIHG FACILITY LOCATION WTR

,_#

F_{CTIO:[AL PURPOSE:

The SF will include provisions for Tug propellant storage and transfer and for

_ag gas, powe4 _, and communication re%uirements.

FACILITY DESIGN:

FL0._R D_'.EI,'S!ONS

_'_XIMt%_ CEILING HEIGHT

CL,_/U,'LIIIESS L_/EL REOUIRED

SECURITY REO;J IRED

TYPE

FT. (AREA = FT 2)

YES NO

J

FACILITY CAT_ORY:

N_I MODIFIF/) X AS IS

FACILITY COST:

-0- (NON-RECU_R I.r,'G)

(RECURRING/Y F2,R)

IST CALENDAR YEAR FACILITY REQUIRED IS

TOT?_L _ACILITY COST IS



FACILITY DESCRIFI'ION SHEkT

NA._._E STORABLE PROPELLANT FACILITY LOCATION KSC

_CTIONAL PURPOSE:

The SPS will provide space for mobile GSE used in propellant storage and trans-

fer operations for Tug pod, separate tank or integral APS systems.

FACILITY DESIGN:

....................-_ 50 --_"£'"X !C0

MAX_kqJM CEILING }IEIG}IT 30 FT.
J

,.,,,.._,,,,_._,_oLEVEL REQbqRED

SECURITY REQUIRED YES

TYPE
, ,,, ,_

FT. (AREA =5000

NO

FACILITY CATD$ORY:

NEW MODIFIED x AS _S

FACILITY COST:

$ -0- (NON-RECURRIT_O )

(RF,CURRINO/YEAR)

IST CAI,E__D_R YEAR FACILITY RI'.D_UIREDIS

TOTAL FACILITY COST IS

V



FACIL'_TY DESCRIPTION SHEET

NAt._E STORABLE PROPELL/U_f F#,CII,YTY LOCATION WTR

FUNCTIONAL PURPOSE:

The SPF will provide space for mobile GSE used in DroPe!lant storage and transfer

operations for Tu_ _od; separate tank or inte__ral APS..svstems.

FACILITY DESIGN:

FLOOR D_,_,EUS!ONS 50

MAXIk"JM CEILING HEIGHT

CLEANLINESS LEU/EL RF/_.UIRED

SECURITY REQUIRED

TYPE

_-r. X I00 _'T. (A_EA-- _2)

30 FT.

YES NO

FACILITY CATEGORY:

NE_W MODIFIFD X AS IS

FACILITY COST:

._ --0 _

IST CALENDAR YF).R FACILITY REQUIRED IS

TOTAL FACILITY COST IS $



FACILITY Di'_SCIGPTION SHEET

NAME VERTICAL ASSE_,[BLYBUILDING LOCATION ETR

YUNCTIOIIAL PURPOSE:

The VAB will b_.mOdified as required %0 integrate and instal]. GSE

peculiar to Tug requirements for monitoring storable propellants.

FT.

TYPE

(AREA =

YES NO

FACILITY CATEGORY:

N_! MODIFIED X AS IS

FACILITY COST:

i0,000

$

IST CALEb;PAR YEAR FACILITY REQUIRED IS

TOTAL FACILITY COST IS $

V



FACILI_"I DESCRIPTION SP.I£kT

NAME VERTICAL ASSEMBLY BUILDING LOCATION WTR

FUNCTIONAL PURPOSE:

The VAB will be designed as required to inteF.rate and install GSE Decullar ,

to Tu_ requirements for monitorinF_ storable propellants.

, , ,, , , ,,

FACILITY DESIGN:

FLOP_ I)IT_!:SIONS

b_XIkq/4 CEILING HEIGHT

CLFANLL'II:SS LEVEL REOUIRED

SEC[IR I'_T REQUIRED

TYPE

FT. X FT. (AREA = lq'2)

F_e

YES NO

FACILITY CATEGORY:

_ACILITY CO_T:

I-[ODIFIF/) X

$ i0,000

$

AS IS

I[_T CALenDAR YE_.R FACILITY REQUIRED IS

TOTAL FACILITY COST IS $

J



FACILITY DESCRIF_ION SHEET

NM.*E HIGH VAL_/D_ TEST FACILITY (4557)

F_CTIONAL PURPOSE:

Conduct thermol testing.

LOCATION Huntsville, Ala

V

YES

FT.

TYPE

(AREA =

FACILITY C&TEGORY:

I,:ODIFIF/)

FACILITY COST:

NASA --O-

nOD .$ 250,000

$

IST CALENDAR YEAR FACILITY REQUIRED IS

i

TOTAL FACILITY COST IS $

FT2)

NO

AS IS



FACILITY DI'],_JCRIVfION_1_-i,..?.}_

N_.rE," AEROSPACE_{VIRO:;METTTALCHAMBER (MARK I) LOCATION AEDC, TULLA/[O:,IA, _"'T._,N.

FUNCTIO:iAL PURPOSE:

Conduct PTV tests.

FACIL]_TY DESIGN:

FLOOR D_[Z!:STONS FT. X

_IAXI?,flJ_.4CEILING }[EIGHT FT.

CLEA;:LI!IFSS L_EL REO.UIRED

SECURITY REQUIRED YES
i,,

TYPE

FT. (AREA= _2)

NO

FACILITY CATEGORY:

NEW MODIFIED

FACILITY COST:

.rIASA $I, 250,000
mO $ -o- (NON- RECURR lq_G)

AS IS

IST CALenDAR Y.F_.RFACILITY REQUIRED IS

TOTAL FACILITY COST IS $



]'2.0 T,'ad,.,f"i'_ _nd Sensitivities

This _-ct.[c :icontains specific tradeoffs and sensitivities as specified in the

].'._vt,aDum.D Outline. Also included are additional data in section 12.7, "O_.:her

_'._,_,_itivitios" which%pro vide further information in selected trade studies.
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12.1 Velocity Package Sizing

Because of their high energy requirements, only the planetary missions are

candidates for using a large kick stage. The requirements for these missions

are shown in Table 12.1-1. Only misstions 17 and 18 can be flown in a fully

reusable mode. The other missions, 19 through 24, would require either flying

the Tug in an expendable mode or, if possible, flying the Tug reusable with an

expendable kick stage.

A schematic mission profile using a kick stage is shown in Figure 12.1-1. The

Tug burns into an initial phasing orbit,_ and then slightly before perigee

does a second burn into an intermediate orbit,_ The use of a phasing orbit

is two-fold. It not only allows for minor timing adjustments, it affects a two

burn departure which significantly reduces gravitational losses. Shortly after

burn the Tug separates from the kick stage-payload,_o The Tugthis then retros

into a return orbit with a perigee near Shuttle rendezvous altitude,O, This is

necessary on all missions, even though in some cases the Tug has not reached

escape velocity, because the period of the orbit without retro exceeds Tug

mission duration capability. After deployment from the Tug, once sufficient

separation has been achieved the kick stage is fired,_ sending the payload

into an interplanetary solar orbit.

Using this mission profile the performance of the Tug/kick stage combination,

over a range of kick stage sizes was determined. The Tug was flown off loaded,

such that the combined weight of the Tug-kick stage-payload did not exceed the

Shuttle deployment capability (including ancillary Tug equipment left in the

Shuttle). The kick stage performance was based on Isp and A'valves consistent

with current state of the art solid rocket motor stages. This performance is

shown on Figure 12.1-2 for the missions of interest. By comparing the perfor-

mance with the current design payload weights shown in the previous table, it

can be seen that mission 22 is unobtainable over the entire range of

kick stage weights. The other missions are achievable over the range of sizese
J

except for a small portion of mission 24.
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Because of the strong emphasis on low costs, especially DDT&E, there was high

motivation to find an existing stage within thlsslze class. Performance alone

was not the criteria for selection and other constraints had to be applied.

These were stage length and thrust/time characteristics of the motor. The

combined length of the Tug-kick stage-payload could not exceed 60 feet and

peak longitudinal accelerations could not exceed 3.5 g's.

The only existing stage that came close to satisfying all the requirements was

the Polaris A3 second stage. Its performance was adequate, it satisfied the

length constraints and required only minor modifications to meet the thrust

limitations.



12.2 Expendable Tug vs Tug to Tug On-0rbit Assembly

The basic Option 2 program involves expending six Tugs in the performance of

six interplanetary missions (NASA 22 and 2h). Consideration of using two

_gs to provide sufficient energy to perform the missions was made. With the

Option 2 vehicle, modification to the vehicle is required since it has no

interstage mating structure. Table 12.2-1 shows the comparison of the cost

impact of adding this capability and the impact on the total program costs.

From the data presented in the Table it was concluded that the expendable mode

provided a greater fleet size, thus a lower program risk in that if launch

rate increases or reliability losses are greater than anticipated, the only

impact would be the deletion of an expendable mission. In the case of the

on-orbit assembly approach, additional vehicles would have to be acquired

later in the program.

w
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12.3 Multiple Deployment Analysis

12.3.1 Mission Accomplishment Impact

A major advantage of the STS system over current expendable systems is the

capability of deploying several payloads in different orbital positions. In

the Option 2 mission model, the positional requirements of all synchronous

equatorial orbit payloads required a 60 ° position change. The Option 2 Tug

has capability for the necessary maneuvers. If multi-payload deployment were

eliminated it would take 48 additional flights (assuming that multi-mission

was acceptable. The cost of 48 flights would be on the order of $550 millions.



.12.3- 2 M_Itiple Payload Delivery O_tions

Flgure ]2.3.2-I summarizes several multipayload support concepts. This

comparison was done Et the conceptual level only as the definition of pay-

load support was not included in the Space Tug Systems Study.

The minimum adaptor structure was defined for the Tandem stack concept. This

arrangement has the greatest _npaet on payload structure because the lower

p_loads must support the cantilevered loads of the forward payloads.

The second option, parallel payloads, minimizes the payload structural

£mpacts but severely constrains the payload diameters.

The third option grossly complicates the Tug/Shuttle interface by creating

a Sh-.,ttle/payload interface.

The final option, which is the preferred option, utilizes a retractable

(collapsible) support truss. After the forward payload is deployed, the

square frame portion of the support truss is expanded (enlarged) and the

frame is folded back against the succeeding frame, exl_sing the next payload

for deployment. This is repeated after each deployment. A detailed description

of a similar mechanism used to enlarge the square frsme is given in Volume V

Section h.3 in a discussion of an automatic variable diameter docking system.

The I_T&E for this system is estimated to be at least equal to that of the

Tug docking system or approximately Sh million.

!
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I;:.h Ground/Onboard Autonomy Sensitivities

Program Variation Identification and Sensitivity Summary

The Tug defined for Option 2 provides the capabilities associated with autonomy

level IV. This analysis addresses the sensitivity to other autonomy levels.

The various autonomy levels are defined as follows:

AUTONO_ LEVEL IV

o All phases are controlled from the ground.

A portion of the mission control/sequencing is under ground control.

Powered flight, contingencies and non-ground coverage control/sequencing

will still be implemented on board. The ground basically has extensive

on board program load/updating capability.

o Calculations are performed primarily on the ground (such as main burn and

nidcourse - duration and direction).

All calculations that can feasibly be performed on the ground have

been removed from the on board software. The ground is responsible

for vehicle attitude update (utilizing on board star tracker measure-

ments), targeting to determine AV required/burn time, tug position/

velocity update during coast and possibly some redundancy management

during coast.

o Ground will control final rendezvous and docking.

The acquisition guidance, closure guidance, and docking guidance will

be performed under ground control. Laser radar data (if applicable)

will be filtered on board.

NOTE: There is a potential problem transmitting TV data on DOD

missions due to the security requirement.

o Command and Telemetry Capability

The ground (or Orbiter) will have the capability of transmitting

real time hardwire upllnk commands. This capability will be relatively

constant for all autonomy levels since it is almost independent of

flight software. All vehicles will transmit TM data.

In addition the capability for ground update of on board application

programs will also not be a function of autonomy level, but the need

I).-pZ-



(or requirement) for such an update will be a function of autonomy

level.

AUTONOMY LEVEL III

o Ground stations provide state update during entire mission.

The ground stations will determine vehicle position/velocity and

update the flight software. The vehicle attitude update is handled

on board.

o Onboard calculations are performed for mission Completion.

All mission control/sequencing required to complete the nominal

mission is resident in the on board software. The ground will have

override capability via the uplink. In addition, the targeting

function is carried on board. Targeting is the capability of updating

the AV/burn time based on a predetermined mission.

o Final rendezvous is m _e by on board capability.

The target acquisition and closure guidance are performed on board,

Radar data processing is performed on Board.

o Final docking with ground support.

The docking guidance is provided by the ground.

o Command and telemetrj- capability.

Same as autonomy Level IV.

AUTONOMYLEVEkl!

o Ground or navigation satellite beacons (either must serve multiple users)

are acceptable.

o Level I autonomy will be required for those orbits where ground or

satellite beacons do not provide satisfactory state determination.

o Final on board rendezvous and docking capability.

Same as Level I

o Command uplink override capability including payload status, redlrection_

and retargeting of mission with telemetry down link.

Mission planning capability is added to the on board software. The



mission Planning software will accept new target ephemerous/mlssion

definition and determine a mission plan (i.e., number of burns, AV's,

time, location, etc. ).

AUTONO_ LEVEL I

o Completely independent of any man made inputs after separation.

All nominal mission control/sequencing is performed on board. The

vehicle is capable of sutonomous state (Pos/Vel/Att) update independent

of any ground navigation aids. All capabilities in Level III are

also included in Level I.

o On board measurements and calculations enable missions to be completed

in its entirety including all Tug and payload operations.

Payload checkout/commanding is accomplished with vehicle software

independent of required ground control although ground override capa-

bility can be provided. This requirement adds payload uplink/downlink

TM equipment to the Tug.

o Final onboard rendezvous and docking capability

All phases of rendezvous guidance are controlled via the on board

software. All sensor data is processed on board.

o Command uplink override capability and telemetry down link.

Same as other levels.

The sensitivities to the various autonomy levels are shown in Table 12.4-I.

The baseline Autonomy Level III results in the minimum cost program although

the lower autonomy level is not significantly higher in total program cost.

Other autonomy levels result in increased cost and decreased performance. A

cost breakdown is summarized in Table 12.4-2. The savings in program cost

for Level III autonomy results from the decrease in flight operations cost of

$5.57 million.
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Assumptions/Ground Rules

As a minimum all autonomy levels require onboard redundancy management during

powered flight. Since the reaction time required to switch redundant units

during coast periods is less critical, redundancy management function peculiar

to this phase could possibly be ground controlled.

For the higher autonomy levels (II & I), automatic payload checkout capability

is added to the Tug Data Management subsystem since the vehicle may be out of

contact with the ground during payload deployment.

The command override via the uplinkwill be implemented by one of the following

methods; real time hardwire commands, real time software commands, program update,

and new program load. The real time hardwire commands bypass the onboard computer

and control the component directly. These commands are safety in nature and can

be transmitted from the gro,md or Orbiter. The sender must account for the action

of the onboard software during these situations. The real time software commands

are executed via the onboard software. The capability of transmitting these

commands has therefore been pre-planned during the writing of the onboard software.

Commands that update the onboard software are similar to real time hardwire

commands since they require pre-planned logic, but they affect subsequent program

logic. These commands could load data required by the program, update existing

data, control program mode, set flags, store program commands, etc. The require-

ment for providing the capability of an orbit program modification is questionable

along with the implementation, so it will not be elaborated on here. The capability

of loading a new program could possibly be restricted to checkout programs limited

to a portion of the memory or to a complete onboard software load as the ultimate.

The real time hardwire command override capability as defined herein is not

considered to be a function of autonomy level since its function is safing and

reinitialization of the tug and this function is independent of autonomy level.

The requirement for real time software commands is analogous to the hardwire

commands and are also not a function of autonomy level.



The requirements for program update data is a function of autonomy level although

the capability of providing it is not. The requirement for ground update are

reflected as changes in the application program estimates.

Program modification/load connnands are not considered a function of autonomy

even though they infer a level of ground support.

During powered flight the guidance (steering), flight control, state (attitude/

positlon/velocity) determination, and subsystem control/redundancy management will

be performed onboard. It is not considered feasible to perform these functions

on the ground.

9.2.3.2 Configuration Variations

o Structures - no impact

o Propulsion - no impact

o Avionics

Data Management Subsystem

Table 9.2.3-2 summarizes the software requirements for the various autonomy levels.

The baseline system uses a two 16 bit control computer with 24,000 words of storage.

Decreasing the autonomy to level IV results in a reduction of 6125 words of storage.

Because of the margin, a reduction of an 8K storage module from the baseline com-

puter is possible.

In addition to the software changes shown in Table 12.4-3, 3000 words of storage

are required for payload checkout in autonomy levels I and IX.

For autonomy levels II and I two additional 16 bit-24K computers and Data Inter-

face Units (DIU) are required to handle the increased computations and maintain the

same redundancy level. The resultant sensitivities are summarized below.

Autonomy Level

IV II I

DDT&.E (_1_) -2.18 3.36' 2.12

Weight (Lb) -2.0 40 40

Power (Watts) Neg 156 156
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Guidance Navigation and Control (GNC) Subsystem

& "

A chamge in autonomy from III to IV has no impact on the GNC. Increasing

autonomy to level I or II requires the addition of a horizon sensor to perform

the autonomous navigation function. Because of the more frequent stellar updates

required for the autonomous navigation, a gimballed star tracker is recommended

for autonomy levels I & II. The sensitivities are summarized below:

•DDT&E WEIGHT POWER

END ITEM (_$) (LB) (WATTS)

Horizon Sensor 2.5h i0 17

Gimballed 2.02 60 60

Star Tracker

_.56 70 77

Communication Subsystem

Autonomy levels I and II require additional connnunication equipment for payload

checkout. This capability is provided by both hardwire and an RF link to the

paYload. The latter capability is requested to checkout portions of the paYload

equipment which can not be accomplished while the payload is attached to the Tug.

A summary of the communication subsystem impacts are summarized below. There

is no communication sensitivities associated with autonomy level IV.

DDT&E WEIGHT POWER

END ITEM (MS) (LB) (WATTS)
°

Payload Interro- 4.79 37 22 _ _
gator #

Power Subsystem

The added power requirements for autonomy levels I and II are summarized below.

Subsystem End Item Power (watts)

DMS 2 computers 156

GNC Horizon Sensor i0

GNC 2 Gimballed Star Tracker (in place of 2 strapdown) 60

Comm Payload Interrogation Equipment 22

248



The weight increase to accomodate this power increase is 49.5 ib which includes

reactants and tankage. Cost increase is negligible.

9.2.3.3 Weights and Performance

The increase in vehicle weight and decrease in payload deployment associated with

autonomy levels I and II is summarized below. There is no significant weight

penalty associated with autonomy level III. -......

Vehicle Weight Deployment Weight

Subsystem End Item Increase (L b) Decrease (Lb)

DMS Computer

D_S DIU

GNC Horizon Sensor

GNC Gimballed Star Tracker

COMM Payload interrogation

Equipment

PWR Reactants and Tankage

32 86.4

8 21.6

17 _5.9

60 162.0

37 99.0

h9.5 133.65

203.5 548.55



Operations Variations

Oround Operations

An increase to Auton_7 Level.IV results in a decrease in
,!

GSE software to checkout the Data Management Subsystem. There are no

hardware impacts. For the higher autonomy levels (I and II) additional

hardware is required to checkout the horizon sensors used for autonomy

navigation. In all cases, the change in ground operations cost is negli-

gible.

All system testing is accomplished via the Data Management system. The cemputer

time to test the additional hardvare is negligible and has little or no impact

on launch operations. Our system and subsystem testing are go/no-go type tests.

The launch operations are sized to handle the Tug/Orbiter functions in the

time allocated for that function drive the number of personnel required at

the launch site. The higher autonomy has little or no impact on launch

operations since the launch personnel is available at the launch site. The

autoncny cost sensitivities are summarized below.

AUTONOMY LEVEL

IV II I

D aE (N$)

SOFTWARE -0.71 I._i 0.57

HARDWARE 0.0 0.22 0.22

OPERATIONS , Neg Neg Neg

-0.71 1.63 0.79

,._/



0
f

FLIGHT OPERATIONS COSTS

FJAKht operations costs wel_e determined for each of the four autonomy levels

frO_ I to IV. AS shown in Table 12.4-3, the autonomy levels are arranged in

increasing order of autonomy going from IV to IX. The entono_level II was

considered the most autonomous of the four levels inve_gated. The flight

operations costs were divided in accordance with the _Breakdown into recurring

eoJt8 (Operations Cost 32C) and non-recurring costs (DIY_ Cost 32A) for each

of the four fight operations tasks of Mission PlanninK (VBS 320-11/12-01),

FXiKht Control (WBS320-11/12-02), Flight Evaluation (_S 320-11/12-03), and

F_t Support Software (_O-ll/12-O_).

An additional item not included in the _BS Breakdown called unused time is also

shown in Table I. This item indicates the cost for unused manhours resulting

from keepinE _ full mission control crew at both a NASA and a DODmission control

center. These unuzedmanhours decrease with incrc_sinE autonomy level becaus_

• amalier crew is required for higher autonomous vehicles.

AB cam be seen from the cost data of Table X the more autonomous the vehicle is

•he higher the non-recurring (DDT_E) costs• Also, it 18 shown that for the

h_her autonomous vehicles the recurring (Operations) costs decrease. The

delta (A) costs shown in Table I were determined using the present Option 2

yehlele autonomy level of III as a reference. Autonomy level IV gives the

lowest Flight Operations costs.

_ °
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4.2.3.5 Program Develol_ent Variations

No significant impact.

4.2.3.5 Production Vsriationo

No impact.

i o
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12.5 Onboard/:;huLt].e Checkout Tradeoffs

The issue to be discussed in this section is the distribution of checkout

functions between the Tug/Shuttle when the Tug is in the payload bay. It is

currently envisioned that the Tug will be partially operational during the

boost phase. The I)[._will be performing the initial navigation calculation

as well as monitoring subsystem status. Telemetry data will be accessed by

the DMS and transmitted to the Shuttle.

The navication optical sensors, rendezvous/dockin_ sensors, communication

transponders, and power sources will not be active during boost.

The vehicle control software will contain the fault detection/isolation

logic required to manage the subsystem redundancies, therefore the portion

of the Tug that is operational will be checked out in the normal process of

control. As an example the DMS computer will be periodically executing

computer diagnostics as part of its normal control cycle. Prior to leaving

the payload bay a subset of the followin_ checkout functions could conceivably

be performed.

i) Checkout of the non-actlve Tug LRU's (i.e., star tracker,

transponders, etc.)

2) I,RUlevel fault isolation. This level of fault isolation

is not always required during the mission.

The checkout of the non-active LRU's could be accomplished by executing

Shuttle resident checkout programs, normal Tug control software, or Tug resi-

dent checkout programs.

The following general Tug�Shuttle operating concepts are recommended:

i) Tu_ checkout will be accomplished by executin_ the

normal Tug control software.

2) The Tu_ control software will perform fault detection but

will normally only isolate to the level at which the

redlmdant elements can be switched.



(NOTE: In somecases it may prove advantageous to isolate to

a lower level in order to increase the confidence level of

isolating a failure or to simplify the software required.)

3) The results of the Tug software fault detection/isolatlon

algorithmswill be transmitted on the downlink.

4) Subsystemperformance data will also be transmitted on

the downlink.

5) The Shuttle will have access to the Tug TMdata and can

evaluate the Tug performance based on both a software and

operation interrogation of this data

6) The Shuttle can exercise the normal uplink control over

the Tug,software.

7) Checkout routine other than those required for subsystem
control will be carried in the Shuttle and executed via

the proposed i _! Shuttle/Tug interface. This interfacez
would provide the Shuttle with parallel access to the Tug
command/control busses and therefore must be closely

l

controlled. The need for this level of checkout is still

somewhat undefined at this time and needs further investiga-

tion. This capability is a candidate for phasing.

In summary it would appear that the majority, if not all of the required

Tug checkout software will be incorporated in the normal control software

and that the Shuttle will primarily monitor the Tug operation and exercise

uplink control.



12.6 Dump Vers,,s Land Fuji Abort

This trade study will address the features, characteristics, benefits, and

liabilities of the major choices to dump any or all of Tug cryogens versus

the choice to duT:ip no Tug, cryogens and to design the Tug to contain the

cryogens through a normal landing. The key basis of comparison will be the

p_yload weight penalty, including the fractional weight reduction impact on

payload capability from added Orbiter weight on either a geo-synchronous

deployment mission or on a round-trip mission. The payload weight penalties

will be assessed against a hypothetical Tl_ design lacking any abort pro-

visions. The weight differentuals or "deltas" will then be available to com-

pare these options. The suborbital abort mode III is used as reference for

this study due to th_ greater time constraints and greater significance in

te_s of design impacts. Thus, a Tug designed to meet Suborbital Mode III

abort constraints will meet all abort conditions, if theporting provisions

for orbital thrust-settled cryogen release are also provided.

The weight comparison resulting from this study and some key conclusions and

recommendations are shown in Table 12.6-1. The compelling conclusions which

lead to the selection of LO 2 dumping only are a payload weight reduction

penalty of 1,526 ib for land full, h_9 ib for sequential dump of LO 2 and LH 2,

and h14 ib for simultaneous dumping of LO 2 and LH 2,

In addition, the land full option, although is the most simple in terms of

flight operationss (I) imposes an unacceptable CG incompatibility for stable

aerodynamic flight and landing, (2) imposes serious safety questions during

return flight, landing and post-landing operations, and a major l_nding

abnormality or impact could seriously threaten the structural integrity and

result in ground safety hazards with both LH 2 and LO 2 on board.

fl->_
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The re,turn of I,lI 2 alone in a pressure-vent-limited tank is considered an

acceptable ground safety risk for normal landing and the landing weight is

very lo4 with LH 2 on board. The Orbiter would be heavier _V 43,000 lh or more

for a land-full condition. Moderately high landing g-forces or minor impacts

would not necessarily threaten Tug structural integrity nor ground crew safety.

The remaining risks of LH 2 return are balanced against the probability of a

suborbit_l abort versus the larger possibility of an orbital abort, for which

LH 2 dumping citY,or _rith or without Helium purging is planned. The final

argument is that containment of LH 2 at reduced pressure (18 psla or less) is an

inherently simpler and safer mode of operation then the more complex and con-

strained mode of LII2 dumping below 400,000 ft in a fast return to launch site.

Option 1 - Dump LO 2 0nly and Retain All of LH 2

This is the selected mode of operation, and is described in detail in Volume 5,

Sections 5.2.4.5 and 5.4. The time available for LO 2 dump is much greater than

requlrcd and can be initiated at any time after the abort decision is made.

Thus, the least time available is from T+251 to landing at T+I_241, less 60 sec

during MECO and ET Jettison, or 930 sec. The benefits of early dumping in terms

of _3,000 lb of potential weight reduction and the resulting increase of Shuttle

AV were discussed in Section 6.6._. A AV increase of 1.7% in an early abort

(T+llS) or 0.4% in a late abort (T+251) are appreciable in terms of propor-

tionally extending the orbit-to-orbit thrust margin. It is also necessary to

dump at least 20% of the LO 2 before external tank Jettison and return to aero-

dynamic flight, due to CG constraints. Therefore, LO 2 dumping should be

initiated immediately after an abort decision is made.

Option 2 - Land Full - No Cryogen Dumpin_

The prima,_ factors for and against a land-full option were summarized above,

and the additional weight data is provided in Figure 12,6-2 in support



of the summary chart, Table 12.6-l, above. The weight impacts are chiefly

tho result of "beefing up" the Tug tank and supporting Tug structure, with

additional weight for horizontal fill and drain provisions for the IX)2 tank.

The CG incompatibility for return flight and landing is a compelling factor

a_ainst a land-full option. A heavy payload or off-loading of the LO 2 tank

would be necessary to restore compatibility, but this would prevent accomplish-

ment of the round-trip and retrieval missions, and is therefore unacceptable.

i
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Two sub-options for L02 and LH 2 dumping in a suborbital abort were identified

and discussed briefly in Volume 5, Section 2.h.5 with respect to the LH 2 cryogen

handling options listed in Table i2.6-i. These are Option 3A - Sequential

Dumping of LO 2 and l/{2 and Option 3B - Simultaneous Dtmlping of L02 _und LI{2 .

The sequential dump option is the more difficult and the required analytic data

also provides for the simultaneous dump option. Both options will be discussed

and conclusions _;_]l be drawn for comparison. The payload weight penalties will

be developed and sunm,_-rized with the Dump L02 only and the Land Full options.

O__t_on 3A - Sequential D_m ip_of LO2 and LHI_ -

Sequential dumping of both LO 2 and LH 2 is most severely constrained by the time

available from the late abort decision (T+251) to 30 seconds prior to Main Engine

Cut off (MECO) and from 30 seconds after MECO until ll0K ft altitude is reached,

where LH 2 dump term..dnation is mandatory. This most constrained case will be

addressed to produce the abort hard_are requirement for all Tu5 designs. The

abort trajectory which applies to the late Mode III abort ease is shown in

Figure 12.6-i. The pertinent data is listed in Table 12.6-2.

Table 12.6-2

MISSIOI_ ABORT DATA

Mode JII Abort - Suborbital

East :'ly Mission with 65K Ib total for Tug/Paylo_d

Late Abort Decision

All events occur below hOOK ft in sensible atmosphere

Abort Start: T@251

Dump Initiation: T+251

Dump Termination: T+530.9

Available Dump Time: 279.9 seconds (main engine operating)

MEBO, ET Jettison: T+56019

Dump Initiation: T+590.9

LH 2 D_p Termination (llOK ft): T+726 or earlier

Fl_ght Altitude of 50K ft: T+986

_ Landing T+:_2h i

Avail_b]c Du_l, Time _13_ seconds for LH 2 during g]ide

Available Dump Time: 650 seconds for LO 2 or 515 seconds after LH 2

Dump Te 1-mination

I -5)
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Applying thc._c time constraints to the data in Figures 12-2, -3, and -h, the

dump ]ine size requirements are derived and listed in Table 12.6-3.

Table 12.6-3

DU_,_-LINE SIZE REQUIRE._;NTS

135 Sec 1 5.h Inch h.7 Inch

2 5.9 5.0

3I 5.4 h .7

3F 5.6 4.9

280 Sec 1 3.9 3.h

2 h.3 3.7

3I 3.9 3.h

3F h .0 3.5

515 S,z,c 1 3.0 2.6

2 3.3 2.8

3I 3.0 2.6

3F 3.1 2.7

650 Dec i 2.7 2.h

2 3.0 2.5

3I 2.7 2.h

3F 2.8 2.5

Liquid oxygen c_n be dumped for a longer time than LH 2, essentially doxrn 81_:ost

to l_]ding, &rid. a 3.0-inch line spans all Tug options.

abort line is selected:

Assume a 3-inch LO 2

T_ Option Tim____ee

100% Dump (L02)

I 505 Seconds

2 635

31 505

3F 530

From the late Mode III abort trajectory, the duration of Main Engine operation

is 280 seconds. With a B-inch L02 dump line, we can dump 280/635 = hh.l% of L02.
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the 3-inch abort line port location and the +Z g-force during

thrust and heading reversal. The g-force trajectory profile

is shown in FiGure 12.6-5. The greatest tilt of the gas/

liquid interface occurs at the start of abort with N = +I and
x

N = +0.2. Tan 9 = ii.4°. then the LO2 abort line port must

. _ be more than 16 inches aft of tile side centerline to

I,/l!:.0_. prevel*t importing at 50% dump. Actually, the

160'[_.:t ] situation is t little worse due to 5% ullage

_ _| _ II 'i\ / gas volum_ at start of mission, placing the

y _._JV/_L 50% L02 vertical line aft of the center-

as a

' _=/.0 cutoff point at _0% x 635 = 25}$eC
BeC.

635-25h = 381 seconds remain necessary to dump 100% of L02. The

20% m_nlmum dump of L02 necessary for CG control has thus been

greatly exceeded before engine burnout. Either LH2 or L02 can

be dtu_ped now.

Assume that LH2 is dumped, according to the sequential dump

alternative study option. To obtain 100% LH2 dump in 135 seconds

down to ll0K ft will require a 5.0-inch line. The 381 seconds

for subsequent dumping of L02 to depletion can occur from T+726

to T+ll07, terminating at about 25K ft altitude.

Line-Ol_timized Option 3A - Sequential L02. and LH__D__pi__n_

The following analysis is based on the round-trip mission loading data for

Option I. If LO2 is initially dumped in a late (T+251) Mode III abort to

achie_c, an acceptable CG profile, about 20% or less of LO 2 must be dumped. This

requircs 20% x 635 = 127 sec through a B-inch LO2 abort dump line, leaving

635 - 127 = 508 seconds for glide period dumping of LO_. LH_ dumping can occur

- -
for 280 - 127 = 153 seconds during engine thrusting. This is _B-_ = 13.3% for

L_ 153 153
2-inch, _35 : 35.2% for 3-inch, 2-_ = 66.5% for h-inch, or 1-_>i00% for 5-inch

LH2 abort line.
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The glide period of 135 seconds would allow

13_.__5= 11.7% for 2-inch,
i150

= 31.0% for 3-inch,

135 = 58.7% for h-inch, and
23O

i_3_ = 100% for 5-inch line sizes
135

Therefore, the following cozposlte of LH2 dump is obtained:

Line Size Thrust Period Glide Period Total

2-inch 13.3% 11.7% 25.0%

3 35.2% 31.0% 66.2%

h 66.5% 58.7% 125.2%

5 _i00% 100% _ 200%

The proper size for 100% dumping is less than h-inch for the LH2 abort dump line.

Follow,noo the same side po_ location analysis as for LO2, if 41.3% of LII2 is

d',_npod_-_"_'_,,_....._.,e,_..-4_6the,st through...... a 4-inch line, the remaining 58.7% can be

dum],cd during gSide to IIOK ft.

The abort dumpin_ time-line sequence then is as follows:

Abort Start: T+251

L02 Dump Start: T+251

L02 Dump Terminate: T+378 (20%)

LH2 Dump Start: T+379

LH2 Term: T+530.9 (41.3%)

LH2 Dump Start: T+590.9

LII2 Dump Term: T+726 (100%)

LO2 Dump Start: T+727

LO 2 D_mp Term: T+1235 (100%)

Landing: T+12hl

This abort profile is shown on Figure 12.6-6 for the worst-case condition --

i,.,_ A',_,u_.... _,_ _bc_rt .._*m_or._.___,_+h......._n_R_%-_ Ib nf o.rvo_ens._ for a normal round-trio

mission.
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An cr_r]y _odc [[Ii abort at T+II6 would permit 135 seconds more of initial L02

dumping, to a ]i_,.i,tof hh.l% of L02 dumped. There is a family of options in

this c_u_e _:ith_n the design window defined by dashed lines on Figure 6.12.6-6,

from 20}_ to l_h.]% of initial L02 dump, followed by alternative dumping of LH2,

fol]o_(:d by L02 until MECO - 30 sec; then depletion of LH 2 well above the 1]0K ft

altitude, and finally LO 2 depletion at about T+ll00 sec.

Two designs for sequential du_tping of both LO 2 (normal) and LH 2 (optional) have

b_en determined. Operational profiles for each have been defined to meet the

constraints of CG compatibility, altitude, available time, and selected line

size.

o_q_t__on_!. - For LH 2 d_unping only during glide return, preceded by up to h0%

of L02 du::-p and followed b,: L02 depletior ; a 5-inch L_ line would be provided

in the L][2 tank side location. A 3-inch LO 2 llne would also be provided in

onthe LO 2 t _ k s_de location.

Q . .

uo___3__n._ _ For _-',_-_m "_'2 dump line _ _=._. LH_ dumping (hl.3_) would precede

,,,_.,,.-,c, 3 n ...... _, _,"] LH_ depiction would follow }_CO + 30 seconds down to

!!0}'_ ft altitude. This requires a h-inch LH 2 line, and the 3-inch LO 2 line

per_,its a 20% L02 0ump before the pre-MECO dump. It allows L02 depletion

sub_quc.nt to LH 2 depletion, ending at 25K ft altitude or higher.

O__tion 3b - A Zir_taneous LO 2 and LH2_D_ ip_

Wh_le s_.ultaneous dtLmping of both L02 and LH 2 have not been discussed in detail

it obviously is less constraining upon line size. Simultaneous dump operations

can be inferred from the least time available on a late Mode III abort, which

is 530.9 - 251 = 279.9 seconds pre-(MECO - 30 sec) and 726 - 590.9 = 135.1

seconds pont-(I._.CO + 30 see). Thus hl5 seconds are available for LH 2 dumping,

which requires a 3.07-inch line diameter for depletion. The nominal 3-inch

LO 2 line will provide up to hh.l% LO 2 dump prior to MECO - 30 see and adequately

provides CG compatibility before MECO.

A key constraint is imposed on simultaneous dumping by the presence of sensible

atmosphere below a 400K ft aibi_ude. 'i_neabmo_ph_._e px-oduccs a "-,--_.ke"_ffect



that may dr'_w released cA-yocens back into the engine and bo_t-tail re_,ion

s01d may thus produce _ potent_ al hazard as _re._ter atmosph_:ric pressure develop:;

and ignition sources or static discharge may be present. Adequate separation

of L0 2 and LJI2 abort line exits and injection of d_mped cryogens well into the

"sllp-strea:1" should minilaize this potential hazard down to IIOK ft altitude.



AUTONOMYS_=ITIVITIES

FLIGHTOPERATIONS COSTS

Flight operations costs were determined for each of the four autonomy levels

ranging from I to IV. As shown in Table I, the autonomy levels are arranged in

increasing order of autonomy going from IV to II. The autonomy level II was

considered the :_ost autonomous of the four levels investigated. The flight

operations Costs were divided in accordance with the _ Breakdown into recurring

costs (Operations Cost 32C) and non-recurring costs (DDT&E Cost 32A) for each

of the four fight operations tasks of Mizsion Planning (k_BS 320-11/12-01),

Flight Control (WBS 320-i1/12-02), Flight Evaluation (WBS 320-i1/12-03), and

Flight Support Software (320-I1/12-04).

An additional item not included in the _S Breakdown called unused time is _iso

sho_ in Table I. This item indicates the cost for unused manhours resulting

from keeping a full mission control crew at both a NASA and a D0D mission control

center. These _used max_hours decrease _ith increasing autonomy level because

a smaller crew is required for higher autonomous vehicles.

As can be seen from the cost data of Table I the more autonomous the vehicle is

the higher the non-recurring (DDT&E) costs. _iso, it is shown that for the

higher autonomous vehicles the recurring (Operations) costs decrease. The

delta (A) costs shown in Table I were determined using the present Option 2 -

_ehicle autonomy level of III as a reference. Autonon_y level III gave the

lowest Flight Operations costs.
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12.7 Cryogenic Versus Storable ACPS Ground Operations

A study was performed to determine the ground operations program effects

resulting from utilizing a cryogenic attitude control system rather than the

baselined storable propellant system. The cryogenic ACPS impact areas investi-

gated are as follows.

i) Maintenance and Refurbishment

2) Ground Support Equipment

3) Ground Operations Crew Size

4) Ground Turnaround Time (may or may not impact fleet size)

The analysis shows that a configuration revision for Option 2 to a cryogenic

ACPS would result in operations cost savings amounting to nearly $1,300,000.

However, the total Option 2 Program costs would increase $6,400,000 in order

to achieve this change in the flight configuration of the Tug vehicle ACPS.

Maintenance and Refurbishnent

Option #2 utilizes a storable bipropellant ACPS. This system does not require

scheduled maintenance and refurbishment, and, therefore, does not involve

operation's costs on a scheduled basis. The cryogenic ACPS requires, every

twenty-six flights, scheduled maintenance and refurbishment at a cost of $197,500.

Review of the traffic model for Option 2 shows a total of 251 flights required.

With the cryogenic ACPS, these flights would be accomplished using ten (i0)

flight articles. At an average usage rate of 25.1 flights per vehicle, no

scheduled cryogenic ACFS maintenance and refurbishment would be required.

Oround Support Equipment

The following list itemizes the changes to the ground support equipment which

would result from incorporating a cryogenic ACPS (rather than the baselined

bipropellant system) in the Option #2 configuration.



Item No.

112

113

139

152

153

117

191

Title

APS Roading Accessory Kit - $ 7,000

APS Propellant Services - 8,500

Gas Sampling Kit - 600

Personnel Protection Equipment - 32,000

Portable ACPS Test Set - 160,000

Checkout Kit - 6,000

Workstand Kit - 24,000

Program Cost Delta

Total - $238,100

Ground Operations Crew Size

The present baseline Option 2 configuration requires transport of the Tug

vehicle to the Storable Propellant Area for post-flight safing and prelaunch

servicing. The incorporation of a cryogenic ACPS in Option 2 will have two

impacts on the ground crew size. First, the activities required at the

Storable Propellant area for the storable ACPS would be eliminated. This

will decrease the manpower level during the appropriate shifts in the turn-

around cycle a total of approximately thirty-two people. Second, the cryo

ACPS will be loaded at the launch pad and safed at the safing area following

landing. This increases the manpower level during the appropriate shifts in

the turnaround cycle a total of twelve people.

The net effect on the ground crew sizing is not a reduction of twenty (32-12)

people, but rather a decrease of four crewmen at KSC and two at VAFB. This

net effect is the result of changes made in the invariable shift level, changes

made in the variable shiftpersonnel, and task sharing between personnel at

both sites. The net reduction of six crewmen amounts to a total program savings

of $1,050,000.

Ground Turnaround Time

The average ground turnaround time for the Option 2 vehicle is three hundred

and forty (340) working hours, forty-three (43) working shifts. Utilizing a

cryogenic ACTS, this turnaround time would be reduced by forty-six working



hours, approximately six working shifts. This turnaround period reduction

would increase the number of flights one vehicle could accomplish in a year's

time from nine to eleven.

Reviewing the traffic model, the launch rates during the Program, and the

nominal fleet size, the reduction in turnaround time would allow the Program

fleet requirements to be reduced by one flight article. This would result

in an $18 million savings during the production phase of the program.

Summary

The total ground operation's impacts which would result from incorporating a

cryogenic ACPS in the Option 2 configuration is m,...arized below:

Maintenance Impact

GSE Impact

Crew Impact

Total Impact

0

- 238 ,i00

- 1,050,000

- $1,288,100

In order to ascertain the total impact to Program costs, Figure I summarizes

the delta costs in DDT&E, Production, and Operations for the Option 2 changes

resulting from utilizing the cryogenic ACPS rather than the storable bipropellant

system. As may be seen, the change to a cryogenic ACPS would result in a total

program cost increase of $6,400,000.
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OPTION 2

ENERGY LEVEL SENSITIVITY STUDY

This study was made to determine the difference in operations costs for different

type missions. Four missions representative of the total mission control _ were

selected for the investigation. These four missions categorized by energy

level consisted of the following:

(I) Synchronous,

(2) High Inclination,

(3) High Energy,

(h) Planetary.

For each of the above four missions where applicable the following three modes

of performing the-missions was also investigated:

(1) Mode I - A single Tug vehicle that completes its mission and is

returned for reuse.

(2) Mode II - A single Tug vehicle that is expended in order to complete

its mission.

(3) Mode III- Same as Mode I but includes a kick stage to complete its

mission.

In addition to the above categories the various Tug missions where applicable

were also classed in accordance with the following functions of the vehicle:

(i) Deployment

(2) Roundtrip

(3) Retrieval

(4) Dedicated (6 days)

(5) Service (13 days)

(6) Service (30 days)

Table I shows a sunmary of the operations costs for the above mentioned missions

and energy levels. These costs include variations in Flight Operations,

Propellants, Expended Tugs, Expended Kick Stages, and all other costs

associated with Launch OPerations, Maintenance and Refurbishment, and Operation_

Support.
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13.0 13-Day Mission (On Orbot Servicing)

A sensitivity study was performed to determine the inpact to the Option 2

vehicle of extending its mission duration from 6 to 13 days. The mission

profile used in this evaluation was a 13 day satellite servicing missed during

which four geosynchronous satellites were serviced at different longitudinal

positions. Two servicing modes were evaluated. For Service Module I, the Tug

starts the mission with the maximum payload (SRV's and service unit) and drops

off an equal amount to each of four satellites. The Tug shall return with

only the 500 ib service unit. Service Mode II carries a constant payload

throughout the mission with equal payload up and down. Details of the

required m_ssion velocities and timelines are discussed in the following

section.

The purpose of this study was to determine the payload capability of the

Option 2 Tug for performing the 13-day service mission. This was accomplished

by investigating the various subsystems to determine what changes may be

required to perform the mission beyond the basic six days. This included

resizing of subsystems which involve on-or bit consumables such as ACPS and

power. During the analysis, the mission success probability goal of 0.97 was

relaxed, per customer directive.

V

The results of the study indicated that the Tug could deploy a total of

hl50 lb for the Service Mode 1 mission. Based on a 500 lb service unit weight,

3550 lbs is available for the SRV's (about 890"lbs per satellite). For

Service Mode 2, the Tug can carry 1750 lb round trip, leaving a net of

1250 lbs for the SRV's (about 310 lbs per satellite). The impact of the

13 day design on the nominal six day vehicle performance is a payload loss of

568,362 and 221 lbs for the deployment, retrieval and round trip mission,

respectively. A review of the mission capture analysis for the Option 2

vehicle indicated that these reductions would have no impact on the number of

Tug flights or fleet size. Since the number of servicing missions was not

zpecif[ed, the programmatic impact of this mission could not be assessed. The

only operational impact assessed was for flight generation which resulted in

an increase in DDT&E costs of about $2M and operational costs of about

*.... _..... _-_ _,.... _,,_+_ _n_ _ rennired other than to increase

the AC}JS arid fuel cell tankage. Costs of these changes were insignificant.



The overall mission success probability of the ]3 day servicing mission was

estimated to be about 0.967.

Presented in the following sections is a more detailed discussion of the

13 day sensitivity study.

lB.] 13-Day Mission Description

The missionprofile used for this analysis is delineated in Table 13-1. The

timeline assumes that ascent guidance and navigation errors are removed near

synchronous altitude during a period of twelve hours by application of 50 fps

_V from Tug attitude control system. This time and velocity budget also

allows for docking with the first satellite. Part of the twelve hours is

expended in a survey of the satellite to verify its stability and orientation

prior to docking.

Intersatellite transfers in this timeline are optimized to require the least

expenditure of _V. Each transfer is assumed to result in a position error at

its conclusion, owing to guidance and navigation inaccuracies. These are

removed over a period of 12 hours with 50 fps _V.

Service Time

A period of two hours is spent servicing the first and each subsequent

satellite. This includes transferring new and failed modules and may also

involve limited testing of the satellite to insure satisfactory operation

after servicing.

Other Maneuvers

Toasting maneuvers shall be conducted during all phases of the mission.

Orientation control propellant requirements would be in addition to those

indicated in the mission timelines.
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Satellite Locations

The four satellites serviced are located in synchronous equatorial orbit at

the following longitudinal positions.

Satellite No. 1 - 250 deg E

Satellite No. 2 - 285 deg E

Satellite No. 3 - 75 deg E

Satellite No. 4 - ll5 deg E

J

9.1.2.2 Subsystem Impacts

Each of the Option 2 vehicle subsystems was reviewed tO determine the impact

of the 13-day servicing mission. A discussion of these impacts is presented

in the following sections.

Structures

The only aspect of the Space Tug structure to be affected in the mission

extension study is the meteoroid protection system. As the vehicle is exposed

to the meteoroid environment for extended periods of time, there is an

increased probability of encountering larger meteoroid masses. Thus, in order

to assure the maintenance of the no tank failure probability of 0.995 for the

longer exposure durations, it was necessary to analyze the impact resistance

of the Option 2 configuration.

._J

The Option 2 configuration consisted of an outer sheet of 0.006 inch doubly-

aluminized Kapton impregnated with teflon, spaded 3.5 inches from the 2219-T87

aluminum tank wall. The tank is covered with a 0.50 inch blanket of multi-

layer insulation.

Figure 13-1 shows the required thickness of insulation necessary to prevent

any tank damage as a function of exposure duration. It is seen that for

13 days the required insulation thickness is less than the 0.50 inch required

for therma] considerations. It is thus concluded that no structural modifica-

tions need be made to the Option 2 configuration for the extension of mission

duration to 13 days.
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Thermal Control

The thermal control of the fuel and oxidizer tanks is accomplished with a

multilayer insulation (MLI) system. Alternate layers of double aluminized

mylar (DAM) and a Dacron net SPaCers were selected for the MLI. The outer

layers of the MLI panels are face sheets which protect the panel and which

carry the structural loads. Separate bags envelop each of the tanks. These

b_s ensure the presence of gases which will not liqulfy or freeze on the tank

exterior and within the insulation system during ground hold, ascent, and

reentry. Helium is used for both the pre-flight purging and the reentry repres-

surization of the bag.

The Option 2 vehicle was designed for an on-orbit time of six days. The in-

space boiloff during this mission duration is about 240 lb. As the mission

duration is increased to 13 days, the boiloff increases to about 515 lb as

shown in Figure 13-2. Calculation of these thermal losses was based on

h5 and 50 layer pairs of MLI on the LH 2 and L02 tanks, respectively.

Avionics

The 13-day servicing mission increases the Option 2 vehicle fuel cell

reactant supply to power the internal Tug subsystems for the increased mis-

sion duration and to provide power to the Service Module and SRU's. The

Service Module and SRU power requirements are shown in Table 9.1.2-2.

The power requirements were analyzed for the Tug mission operating in the two

specified service modes. It was assumed for this study that avionic equip-

ment would operate at the power levels and duty cycles for extended coast

periods, shown in Table 13-3.

Stated payload support requirements for Modes I and II are given in Table

13-2.

The combined average load profile for the Tug fuelcell subsystem is shown in

Figure 13-3 for SerVice Mode I and II. The energy requirement of Service
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Table 13-2

POWER REQUIREMENTS FOR SATELLITE SERVICE

Event

Power (w)

Mode I Mode II

All of flight to Sat. No. i

Service Sat. No. i

All of flight to Sat. No. 2

Service Sat. No. 2

All of flight to Sat. No. 3

Service Sat. No. 3

All of flight to Sat. No. h

Service Sat. No. h

Tug Return Flight

300 300

35O 35O

225 3OO

275 350

150 300

2OO 350

75 30o

125 350

o 300

Table 13-2

POWER REQUIREMENTS DURING EXTENDED COAST
j

Subsystem

Average Net

Total Power Duty Average Power

(w) (_) (w)

Propulsion

Data Management System

Guidance and Navigation

(except Star Tracker)

Star Tracker

Communi cations

Mi crowave Circuitry

Power Ampli fiers

Transponder

Modulation/Demodulation

Command Deocder

PCM Encoder

Tape Recorders

Comsec Uplink

Comsec Downlink

Distribution & ControlLoses

Total average power

123 i00 123

677 i00 677

108 i00 108

12 25 3

20 i00 20

lhh 25 36

36 i00 36

13 50 7

5 lO0 5

h 50 2

25 25 6

7 lO0 7

7 25 2
86 lO0 86

1118
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Mode I is Ill9 kilowatt-hours and the overall average required power is

1372 watts. For Service Mode II the energy and overall average power require-

ments are h66 kilowatt-hours and 1526 watts, respectively.

Comparisons of affected power subsystem elements to meet power requirements

for the baseline and the two service modes are given in Table 9.1.2-h.

Propulsion

_e major impact of the 13-day servicing mission is to the attitude control

propulsion system (ACPS). This mission results in a major increase in total

impulse required, principally due to the 200 fps _V requirement for the

multiple rendezvous and docking maneuvers. The impact of coast attitude

stabilization is minimal because, the baseline Option 2 vehicle ACPS design

includes reorientation and rotisserie capability at the beginning of each

coast period.

The total impulse requirements were determined for both of the service

mission modes. For Mode 1 (return with 500 ib Service Module), the required

total impulse is about 153,247 ib-sec. Mode 2 required 158,500 ib-sec.

total impulse capability. These requirements are about 2.2 times the maximum

Option 2 mission requirement (deploy 2 payloads, retrieve 1 over a six day

duration). The ACPS propellant tanks for the Option 2 vehicle have a propel-

lant capacity of equivalent to 88,000 ib-sec, total impulse. Therefore,

Table 13-h

EFFECTS OF 13-DAY SERVICE MISSIONS ON ELECTRICAL POWER SUBSYSTEM

Equipment

Weight (lb)

Baseline 13-Day 13-Day

6-Day Mission Mission
Mission Mode I Mode II

Oxygen Tank

Hydrogen Tank

Oxygen Reactant

Hydrogen Reactant

64 (i tank) 121 (2 tanks) 130 (2 tanks)

69 (i tank) 122 (2 tanks) 143 (2 tanks

218 _04 445

27 51 56



auother set of ACPS tanks are required to accommodate the ACPS propellants

fur the servicing mission at an inert weight penalty of about 21 lbs.

I I.3 Weight Impact

The burn out weight for extending the basic vehicle from 6 to 13 days

involves four areas: First, the ACPS system required the addition of a set

of t;mks to raise the impulse capacity to approximately 160 K ib-sec (+21 ibs).

The second item was the fuel cell tankage which was also increased (Mode 1 =

Iii ibs, Mode 2 = 135 ibs). In addition the support structure was increased

h3 pounds based on parametric data rising systems wet weight. Finally, the

residuals were also increased because of the additional tanks (+18 ibs).

Presented in Table 13-5 the weight summary of the 13 day service mission

impact on the Option 2 vehicle. It should be noted that the baseline vehicle

is sized to maximize retrieval capability. Therefore, for deployment and

r(,utings mission, such as the 13 day service mission, propellants must be

of'f'.]oaded to maintain the 65,000 ib gross weight limlt at liftoff.

• I3.h ;' Performance impact

The performance capability for thethirteen day servicing mission was deter-

mined by taking into account the increases in stage hardware weights and

propellants vented in orbit, the additional orbital maneuvering velocities

with associated extra engine start losses, and finally, the actual main engine

mixture ratio (_4R) that could be used for each misslon mode. This last item

arises from the main propellant tanks being sized for a retrieval mission.

When performing a deployment or round trip mission, propellants must be off-

loaded to accommodate the outbound payload within the 65,000 lb Shuttle

delivery capability limitation. By offloading LO 2 only, the EMR can be

reduced and Isp improved.

i

The resu]ts of this analysis show that for mission Mode I, a total of

hlSO _,oun_Is could be carried to synchronous orbit. Five hundred of this

would be the Service Unit which is to be returned. The remaining 3550 pounds

is available for SRU's to be dispensed at the four satellites to be serviced.

_'_+_ _t_o_,l_ _e, _h_ _ would operate at an EMR of 5._7:1 to _ive a

3.2 second improvement in Isp over the nominal 6.0:1 value.
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Similarly, the mission Mode 2 would be flown at an ]_4R of 5.73:1 to carry

1750 pounds up and down. Subtracting off the 500 Service Unit leaves a total

of 1250 pounds for SRU's.

Figure IB-4 shows the performance for the thirteenday mission, nominal

six day mission and the six day mission with the penalties associated with

adding thirteen day capability.

The impact of adding the 13 day mission capability onto the basic Option 2

vehicle would be 221 pounds of additional hardware weight. This would cause

a payload degradation of 568, 362 and 221 pounds as the nominal 6-day Option 2

vehicle deployment, retrieval and round trip capabilities, respectively.

13.5 Reliability Impact

The mission-success reliability assessment for the Option 2 Tug on a 13-day

servicing mission is 0.967. The estimate was based on a mission of 305 hours

free of the Orbiter, four satellite servicings, approximately i/4 hour each

for launch and landing, three hours in the Orbiter bay, and one-half an hour

of main engine burn time. The configuration assumed was the basic Option 2

with the additions of increasing the fuel capacity for the ACPS and fuel cell

reactants. A detailed summary of the reliability analysis is shown in

Table 13-6.

The reliability estima£e could be improved if desired to meet the 0.97 goal by

adding appropriate valv_ng to remove dynamic pressures from ACPS tank bladders

while the other tank of each pair is in use. This would yield a reliability

increase of on the order of 0.003 to about 0.97. Adding a redundant laser

radar for rendezvous and docking would increase reliability on the order of

O.O0h to 0.973-0.97h.

IB.6 Operations Impact

[D,e only operational impact that was assessed for the 13 day servicing mission

was on flight generation. Admittedly, there would also be an impact on the

ground operations, but this could not be properly addressed without knowing

the number of service missions that would be performed throughout the program.
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r_

_le impact on flight operations costs resulting from extending the mission

duration from 6 to 13 and up to 30 days is mainly an increase in the required

manhours and computer hours for both planning for, and controling of, the flight

of the vehicle during the additlonal 7 to 24 days of the mission. Figures

13-5 and 13-6 indicate the change in Flight Operations DDT&E and

operations costs associated with mission durations of 6, 13, and 30 days.

The increase in the DDT&E costs result from an increase in flight support

software requirements. The increase in operations costs are caused by a

general increase proportional to the mission duration hours.
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